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PROGRESS REPORTS OF EXPERIMENTS WITH DUST PREVENTIVES. 





INTRODUCTION. 


_ The subject of dust prevention, owing to its direct relation to road 
preservation, is of vital importance to the road builder. During the 


_ past few years a number of preparations for laying and preventing 


dust on road surfaces have appeared on the market in competition 
with crude materials such as coal tar and petroleum, and it was 
therefore decided by the Office of Public Roads to carry on a series 
of experiments during the summer of 1907 with a view to determin- 
ing, if possible, the relative value of these preparations and crude 
products and their adaptability to different conditions. The project 
embraced many details and, owing to lack of funds and the difficulty 
in finding one road suitable for all kinds of experiments, had to be 
somewhat modified in the final plans and the work divided among 
three localities. Since it is the intention of the Office, at a later date, 
to issue a bulletin which shall cover the entire subject of dust preven- 
tion in detail, only a brief description of the experiments made and 
the results so far obtained will be included in this report. 


EXPERIMENTS AT WAYLAND, MASS. 
CRUDE TAR AND TAR PREPARATIONS. 


It was learned that the highway commission of Massachusetts in- 
tended to treat a stretch of road leading into Boston with a tar prep- 
aration, and arrangements were made by which the Office of Pubhe 
Roads could carry on a number of experiments on sections of this 
‘road. According to agreement the necessary labor and apparatus 

were to be furnished by the commission, while the materials and 
- supervision of their application were to be supplied by the Office. — 

The road selected for the experiments was a mixed trap and granite 

macadam in the townships of Weston and Wayland, which had been 
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built about ten years previously Anil had had but few repairs since 
that time. It is part of the main thoroughfare connecting New York — 
with Boston and located about 16 miles from the center of the latter — 
city. J 

The automobile traffic is for this reason heavy, and this, in addition 
to teaming and other traffic, had produced serious results. In some 
cases the macadam was completely broken through. ‘There were 
many rut holes, some of them 30 feet long and averaging from 1 to 
3 feet in width, and a large number of smaller holes more nearly cir- 
cular in shape. Over almost the entire road surface numerous small 
depressions or worn places were visible and practically all of the fine 
material was being removed by traffic as fast as it was formed. The 
No. 1 or large-sized stones protruded above the surface, and in many 
cases were scattered loose, making the road extremely rough. Every 
rapidly moving automobile which passed would, in dry weather, raise 
a cloud of dust, which would be blown. over the surrounding coun- 
try, causing @rnerterable annoyance to near- by dwellers as well as 
damage to the road. 

It was thought that a road in this condition would give quicker 
comparative results than one in better shape to start with, and for 
this reason it was selected, although it was fully realized that the test 
would be a most severe one and the cost considerably above the aver- 
age on account of preliminary repairs and the necessity for applying 
more of the dust preventive and a heavier surface dressing of 
gravel or screenings than are ordinarily required. Sections of this 
road as nearly alike as possible were selected for the experiments, 
which were made with water-gas tar, crude coal tar, various mix- — 
tures of the two applied in different ways, and a special coal-tar 
product. 

The water-gas tar was obtained from a local gas company at $1.50 
per barrel of 50 gallons, delivered. Most of it was sent in a large 
tank wagon and the remainder in barrels. It was a thin, oily liquid, — 
having the properties shown in the following table. The crude coal 
tar was also obtained from a local gas company in 50-gallon barrels 
at $2 per barrel, delivered at Wayland. It had been produced at a 
comparatively low temperature and contained a good pitch base. The 
special coal-tar product was supplied free of charge by the mann- 
facturing company in 50-gallon barrels, the Office paying freight on 
it from Boston to Wayland. It contained no water, was free from — 
the extremely volatile oils present in the crude tar, and held a good — 
pitch base. Its other properties are shown in comparison with the 
water-gas and coal tars in the following table. The composition of 
these materials is given in percentage volumes, and the remarks refer 
to the condition of distillates and residues when cold. 
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TABLE 1.—Specific gravity and composition of tar products. 
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“Distillate mostly liquid. “Distillate mostly solid. f Pitch hard and brittle. 

> Distillate all liquid. ¢ Distillate one-half solid. 97 Distillate one-third solid. 


¢ Pitch very brittle. 


Labor was furnished to the highway commission under contract, 
the contractor receiving a stated per diem salary and a bonus of 45 
per cent of the actual cost of the labor supplied. This cost per eight- 
hour day was as follows: 
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Two steam rollers were employed, and as one belonged to the high- 
way commission, the cost per diem of running it included only the 
hire of the engineer at $2.50 per day and cost of fuel. A 12-barrel 
heating kettle with a portable fire box and mounted on wheels, stiff - 
street-sweeping brooms, picks, shovels, etc., a 2-horse sweeper, and 
a tank wagon for the water-gas tar, constituted the outfit necessary 
to carry on the work. 

As the road was in bad condition, it was found necessary to make 
extensive repairs before applying the tar. The places to be repaired 
were first loosened with hand picks and the No. 1 stone separated 
from the finer material and returned to the holes, after which enough 
No. 2 stone was spread to give as nearly as possible an even surface 
to the road when rolled. There were, however, numerous small de- 
pressions or worn places which were too shallow to patch successfully, 
but deep enough to give the road an uneven appearance when com- 
pleted. In one section it was found necessary to resurface the road 
completely. All extra material needed for repairs was taken from 
piles which had been previously distributed along the road by the 
highway commission, but in estimating costs, the value of the crushed 
rock in place was allowed for. The cost of repairs per square yard 
of road surface was from 2.6 to 3.3 cents. 

The tar was applied during the month of August and only in dry, 
warm weather. The method in general was as follows, although 
some exceptions were made which will be noted under the descrip- 
tions of the different experiments. All loose materials, dust, and 
detritus were first removed by repeated trips of the sweeper, just be- 
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fore the application of the-tar. Hot or cold tar, according to the 
experiment, was then spread upon the clean, dry road through a 
hose connected to the kettle or tank wagon, as the case might be. 
Laborers followed the kettle, spreading and working the tar into the 
road surface with stiff, long-handled brooms. As the road could not 
be closed to traffic, it was found necessary to throw on a light covering 
of gravel or screenings almost immediately, in order to prevent pass- 
ing automobiles from picking up the tar, although it would have been 
much more satisfactory and productive of better results could the tar 
have been allowed to dry for a number of hours before applying the 
surface dressing. Finally, enough of the covering material was added 
to take up the excess tar and produce an even surface, and the whole 
well rolled with a 12-ton steam roller until firm and smooth. When 
eravel was used it was obtained from pits located near the road and 
cost the highway commission about $1.08 per cubic yard, during the 
time covered by the work of the Office. One-half inch clean trap 
screenings or pea stone, however, was used whenever it could be ob- 
tained and was furnished at $1.10 per ton by a rock-crushing plant 
located about 4 miles from the nearest section of the work. 

Before the road was entirely completed it was found necessary to 
remove the dust and waste material which had accumulated and been 
swept into the gutters. This had to be carted away and dumped in 
convenient places near the road. It added from 1 to 1.3 cents per 
square yard to the total cost of treatment. In estimating the cost per 
square yard of the different sections, these figures are included in 
proportion to the length of section treated. Work of a general na- 
ture, such as unloading, hauling, etc., is also divided proportionately 
among the different sections in computing the cost. | 

Thirteen different experiments were made, four with water-gas tar 
alone, three with coal tar, three with mixtures of water-gas tar and 
coal tar, and three with special tar preparations. The following is 
a brief description of each, with a statement of cost and the results 
obtained after three months. 


EXPERIMENT No. 1.—WATER-GAS TAR. 


A section of road having numerous ruts and holes was first thor- 
oughly swept and repairs made where required. It was found neces- 
sary to have the sweeping done first, in order to prevent the sweeper 
from tearing up the loose stones in the patches. The unheated water- 
gas tar was then spread upon the road from the tank wagon and well 
broomed in. It was readily absorbed by the road surface and failed 
to hold a hght coat of gravel which was spread and rolled down. 
Another application of tar was then made, and sufficient gravel added 
to absorb the excess tar completely. The surface was then well rolled, 
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but refused to compact properly and showed a strong tendency to 
pick up under the roller where the road was patched. Indications 
pointed strongly toward a failure, but after the road was subjected 
to traffic for a few days it was noticed that its appearance was some- 
what improved, although the patches showed signs of raveling. In 
damp weather the road showed up to advantage and no disagreeable 
mud was noticed, even after heavy rains. In dry weather the dust 
was well laid and, although the top was not firmly compacted, it 
seemed to remain in place under the action of traffic. When _ in- 
spected three months later, the road was in a much better condition. 
The loose surface had packed down well and the patches were hold- 
ing much better than was to be expected from earlier observations. 
The road at that time was practically free from dust and presented 
a fairly good appearance. 

The section thus treated was 1,275 feet in length. The tar was ap- 
pled for a width of 12 feet, and with an average of 0.9 gallon of tar 
per square yard. If the road had contained fewer holes and been 
less in need of a heavy top dressing, a much smaller quantity of tar 
could undoubtedly have been made to give the same results. The 
cost of application was 4.9 cents for labor, 2.7 cents for tar, and 0.8 
cent for gravel per square yard, and this, added to the cost of repairs, 
3.2 cents, and of removing refuse material, 1.3 cents, makes a total of 
12.9 cents per square yard. The entire area covered was 1,700 square 
yards. Thirteen and one-third cubic yards of gravel were applied 
and 15 cubie yards of refuse material removed. 


EXPERIMENT No. 2.—WaATER-GAS TAR. 


The section of road treated in this experiment was in about the 
same condition as the preceding one. The cost of repairs was about 
the same per square yard, but there were not so many large holes to 
be patched. The tar and gravel were applied in the same manner to 
the road, which had been well swept and repaired, but in this case 
only one treatment of each was given. The surface was well rolled, 
but as in the preceding case, it did not compact well, although no 
tendency to pick up under the roller was observed. The surface 
improved under traffic and held well in rainy weather. No dust was 
formed and, after one week, but little difference could be detected 
between the two sections. The color of this section, however, was 
somewhat lighter than No. 1. At the end of three months it com- 
pared very favorably with No. 1, although the surface was not quite 
so well compacted. It was practically dustless. This section was 125 
feet in length, and application was made over a width of 12 feet. 
There was used on each square yard treated 0.38 gallon of tar. The 
cost of application was 4.9 cents per square yard for labor, 1.1 cents 
for tar, and 0.8 cent for gravel. Repairs cost 3.3 cents, and removing 
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waste material 1.8 cents, which gives a total of 11.4 cents per square 
yard. One hundred and sixty-seven square yards were treated, 14 
cubic yards of gravel applied, and 13 cubic yards of waste material 


removed. 
EXPERIMENT No. 3.—WATER-GAS TAR, 


For the purpose of determining the value of water-gas tar as a 
dust layer, without reference to its value as a surface binder, a section 
of road which was in excellent condition was sprinkled with this 
material. An ordinary sprinkling cart was used, and no attempt 
was made to clean the road surface before treatment. As much tar 
was applied as the road would absorb without becoming too muddy. 
No dressing of screenings or gravel was applied. When dry, the 
road showed a much darker color, the dust was well laid, and no 
formation of dust was noticed for two weeks after treatment. At the 
end of three months very little dust was raised by a rapidly moving 
automobile, and the road surface seemed to be considerably hardened 
by the residual matter retained after the more volatile products of 
the tar had evaporated. 

A length of 800 feet of roadway was treated in this manner for a 
width of 15 feet, and 0.3 gallon of tar applied per square yard. For 
the short section treated, the cost of labor amounted to 0.6 cent per 
square yard, and the material 0.9 cent, making a total of 1.5 cents 
per square yard. For long stretches of road, however, the cost could 
undoubtedly be cut down to slightly over 1 cent per square yard. 


EXPERIMENT No. 4.—WaATER-GAS TAR. 


For this experiment a short section of road in good condition was 
selected, in order to make a direct comparison with No. 3. In this 
case the road was first carefully swept and the tar allowed to run 
upon it from barrels and thoroughly broomed in. A_ sprinkler 
would have served the purpose equally well, but the section was 
so short that it was not considered worth while to apply the tar in 
that way. In this case the road would absorb only 0.25 gallon of tar 
per square yard. It presented much the same appearance as in ex- 
periment No. 3, but owing to the removal of all of the dust and fine 
material it was rougher and therefore less satisfactory. No dust 
formed, even at the end of three months, but the road at that time 
lacked the thin cushion of fine material that was held by No. 3. 
From these two experiments it is evident that the presence of dust 
and other fine material on the road is rather beneficial than other- 
wise when water-gas tar 1s applied. 

A section of roadway 150 feet long and 12 feet wide was treated 
in this way. The cost of application amounted to 1.3 cents per square 
yard for labor and 0.8 cent for material, while the cost of removing 
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waste material from the gutters was 1.2 cents, making a total of 3.3 


cents per square yard. An area of 200 square yards was treated, and 
1.8 cubic yards of waste material removed. 


EXPERIMENT No. 5.—CoaL Tar. 


The section selected for this experiment was in about the same 
condition as that for experiment No. 1. Large ruts and holes were 
numerous and had to be patched after the road had been carefully 
swept. The coal tar was first heated to a temperature of 180° F. in 
the kettle, and then run upon the road from a hose connected to a 
draw-off at one end. A team of horses was necessary to move the 


 \ kettle along the road in advance of the laborers, who spread and 


worked the hot tar with brooms into the road surface as fast as it was 
run from the kettle. Four men were required to do the brooming, 
while the foreman attended to running the tar from the kettle and 
supervised the work. Cords attached to stakes driven along the sides 
of the road were first used to measure the width to be tarred, but, 
after the laborers gained some experience, it was found unnecessary 
to do this, as they were then able to keep a fairly even line by eye. A 
coat of gravel was spread over the road soon after the tar had been 
applied and rolled down to a smooth, even surface during the same 
day. The large patches showed a tendency to wave and pick up 
under the roller, but the rest of the surface was well consolidated. 
After one week’s service but little dust was raised by passing auto- 
mobiles and at the end of three months the road was dustless and 
presented much the same appearance as asphalt, although the large 
patches were a little rough. The road seemed to shed water well and 
dried quickly after a rain. 

The section thus treated was 150 feet in length, 15 feet wide, and 
0.6 gallon of tar was applied per square yard. The cost of applica- 
tion was 6.1 cents per square yard for labor, 2.4 cents for tar, 0.8 cent 
for gravel, 2.6 cents for repairs, and 1 cent for removing waste 
material, which gives a total of 12.9 cents per square yard. An area 
of 250 square yards was treated, 2 cubic yards of gravel applied, and 
21 cubic yards of waste material removed. 


EXPERIMENT No. 6.—CoaAL TAR. 


This experiment was made in the same manner and on a section 
of road similar in every respect to No. 5. A small quantity of the 
cold tar was first tried, but was not absorbed by the road, and could 


‘not be broomed to any advantage. It was found necessary to heat the 


tar to a temperature of 145° F. before it could be used satisfactorily, 
but when applied at this temperature gave results in every way as 
good as No. 5, although slightly more tar was required per square 
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yard than in that experiment. In this case, as in No. 5, the patches 


were not entirely satisfactory. A somewhat longer stretch of road — 


was treated in this experiment and, although slightly more tar was 
used, the cost of application per square yard remained the same, as 


the labor item was lowered. The section treated was 600 feet in 


length and 15 feet in width, and 0.7 gallon was appled per square 
yard. For this application labor cost 5.6 cents, tar 2.8 cents, gravel 
0.9 cent, while repairs cost 2.6 cents, and removing waste material 
1 cent, making a total of 12.9 cents per square yard. ‘An area of 
1,000 square yards was treated, 8 cubic yards of gravel apphed, and 
9 cubic yards of waste material removed. 


EXPERIMENT No. 7.—CoaAL TAR. 


In order to get the best results possible with coal tar a section 
of road free from holes was selected. The road had been badly 
worn and the surface was somewhat rough, but was in good enough 
condition to provide a fair test. No preliminary repairs were made, 
but the road was well swept, as in the case of the other two experi- 
ments with coal tar, and the tar applied and broomed in in the same 
way at a temperature of 195° F. A heavy coat of gravel was then 
applied and well rolled and compacted, in order to produce a smooth 
surface when completed. For some time afterwards the road was 


slightly dusty, but at the end of three months it presented a better 


appearance than the other two sections, although not quite so much 
like asphalt. At that time it was practically dustless. 

This section was 450 feet in length and was covered for a width of 
12 feet. Only 0.42 gallon of tar was appled per square yard. The 
cost of application was 4.4 cents per square yard for labor, tar 1.7 
cents, gravel 1.4 cents, and removing waste material 1.3 cents, which 
makes a total of 8.8 cents per square yard. An area of 600 square 
yards was treated, 8 cubic yards of gravel applied, and 52 cubic yards 
of waste material removed. 


EXPERIMENT No. 8.—WATER-GAS TAR AND COAL TAR. 


A section of road containing many ruts and holes had been treated 
with water-gas tar in the same manner as No. 2, in which section it 
was first intended to be included. As gravel could not be applied the 


same day, however, and as the surface on the next day was too dry . 


to hold down a top dressing, it was decided to finish the work by 
applying coal tar before spreading the gravel. The coal tar was 
applied in the same manner as in experiment No. 5, as was also a 
top coating of gravel which was afterwards well rolled. This section 
was inspected three months afterwards and it is very doubtful if the 
presence of the water-gas tar was of any advantage. 
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The section treated was 250 feet long and 15 feet wide, and 0.3 gal- 
lon of water-gas tar and 0.6 gallon of coal tar applied per square 
yard. The cost of application was 5.8 cents per square yard for 
labor, tar 3.3 cents, gravel 1 cent, 2.6 cents for repairs, and 1 cent for 
removing waste material, making a total of 13.7 cents per square 
yard. An area of 417 square yards was treated, 4 cubic yards of 
gravel applied, and 3? cubic yards of waste material removed. 


EXPERIMENT No. 9.—WaATER-GAS TAR AND COAL TAR. 


Since it was found that coal tar could not be applied satisfactoriby 
when cold, it was thought that a mixture of coal tar and water-gas 
tar might be made which could be used without the trouble and ex- 
pense of heating, and which at the same time would hold down a 
surface dressing better than water-gas tar alone, because of its greater 
body. A section of road, rough but free from holes, was selected for 
this experiment, and, after having been carefully swept, was treated 
with a mixture of equal parts water-gas tar and coal tar. This 
material was applied cold from the kettle in which it was made and 
a light covering of clean 4-inch trap screenings or pea stone spread 
on top. The mrxture was not heavy enough to hold down as much 
dressing as should have been applied to bring the surface to a per- 
fectly smooth condition, but when the road was well rolled a surface 
was formed which was fairly smooth and offered a good foothold 
for horses without increasing the resistance to traction of vehicles. 
The road was absolutely dustless when inspected three months later, 
and had worn somewhat smoother. 

A section of roadway 560 feet long and 15 feet wide was treated 
with this mixture and 0.43 gallon applied per square yard. The 
cost of application for labor was 8 cents per square yard, tar 1.5 
cents, screenings 0.7 cent, and for removing waste material 1 cent, 
making a total of 6.2 cents per square yard. An area of 933 square 
yards was treated, 8 cubic yards pea stone applied, and 8% cubic yards 
of waste material removed from the gutters. 


EXPERIMENT No. 10.—WATER-GAS TAR AND COAL TAR. 


A slightly heavier mixture was applied in this experiment on the 
same kind of road and in the same manner as in experiment No. 9, 
with the exception that gravel was used instead of pea stone for a 
top dressing. Five parts of coal tar was used to three parts of water- 
gas tar, and 0.48 gallon was applied per square yard. The mixture, 
however, did not hold down the gravel well. As a result, the road 
was slightly dusty for some time and, although in better condition 
at the end of three months, did not present as good an appearance as 
No. 9, and the surface seemed to be rather porous. 

35672—No, 89—_08——-2 


10 e 

A section of road 1,000 feet long and 15 feet wide was treated in 
this manner and the cost of application was 3.7 cents for labor, tar 
1.7 cents, surface material 0.8 cent, and 1 cent for removing waste 
material, making a total of 7.2 cents per square yard. The area 
covered was 1,667 square yards, 12 cubic yards of gravel was applied, 
and 15 cubic yards of waste material removed. 


IQXPERIMENT No. 11.—SPEcCIAL TAR MIXTURE. 


A section of road, rough but free from holes, including a rather 
sharp curve, was salected for this experiment andl after being thor- 
oughly swept, was treated with a mixture of water-gas tar, coal. tar, 
rosin, and other substances applied at a temperature of 200° F. from 


a kettle in the same manner as in experiment No. 5. A rather heavy — 


dressing of pea stone was then applied and rolled once or twice. A 
good asphalt-like surface was formed which was free from dust and 
which, at the end of three months, made a very favorable appearance 
in comparison with the other experiments. The surface was hard 
and resilient without offering the resistance to traction noticed on 
Many of the other sections. 

Two hundred feet of road 12 feet wide was treated and 0.42 gallon 
applied per square yard. ‘The cost of application was 4.6 cents for 
labor, tar mixture 2.6 cents, pea stone 1.7 cents, and for removal of 
waste material 1.3 cents, making a total of 10.2 cents per square yard. 
An area of 267 square yards was treated, 54 cubic yards of pea stone 
used, and 22 cubic yards of waste material removed. 


EXPERIMENT No. 12.—SPECcIAL TAR PREPARATION. 


A short section of road in such bad shape that resurfacing was 
necessary was selected for this experiment. The road was therefore 
first torn up with a steam roller fitted with spikes. A course of No. 2 
stone was then spread on and rolled and followed by a course of pea 
stone, which was also thoroughly rolled. As the kettle could not be 
dragged across this road without tearing it up, the material, at a 
temperature of 218° F., was applied by means of coal hods and no 
attempt was made to broom it in. A large amount of the tar prep- 
aration was absorbed by the road and only a light course of pea stone 
was placed on top.’ The whole was then rolled for a short time and 
well consolidated. The road thus formed presented a fine appear- 
ance and was absolutely dustless. At,the end of three months the 
appearance was still good, but a few rough and porous places existed, 
where the tar had gone through the surface and into the foundation. 
It was absolutely dustless, however. The treatment proved to be 
expensive and, unless very much better results follow than in the 
other experiments, 1t will prove too costly for general use, ; 
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A portion of road 75 feet long and 12 feet wide was treated in this 
manner and 1.5 gallons of the tar preparation applied per square 
yard. The cost of application was 14.8 cents for labor, 9 cents for 
material (reckoned at 6 cents per gallon), 3.3 cents for screenings, 
3.8 cents for repairs (not including the pea stone), and 1.2 cents for 
removing waste material, which gives a total of 31.6 cents per square 
yard. One hundred square yards was covered, 4 cubic yards of pea 
stone used, and nine-tenths of a cubic yard of waste material removed 
from the gutters. 


EXXPERIMENT No. 13. 





SPECIAL TAR PREPARATION. 


A section of road free from holes but somewhat rough was selected 
for this experiment. Material similar to that used in experiment 
No. 12 was heated to 185° F. and applied to the road in the same 
manner as in experiment No. 5. The road had first been swept. A 
heavy covering of pea stone was then applied and rolled down. The 
surface formed was smooth and dustless, asphalt-like in appearance, 
and apparently waterproof. In very hot weather it was somewhat 
sticky in places, but this was doubtless due to the fact that more tar 
was used than was absolutely necessary. After three months it 
presented a smooth and even appearance and was dustless. 

A section of road 490 feet long and 15 feet wide was treated in this 
experiment, and 0.67 gallon of the mixture was apphed per square 


yard. The cost of application amounted to 5.8 cents for labor, 4 


cents for tar mixture, 1.9 cents for pea stone, and 1 cent for removing 
waste material, giving a total of 12.7 cents per square yard. A total 
area of 817 square yards was treated, 184 cubic yards of pea stone 
applied, and 7? cubic yards of waste material removed. 


SUMMARY OF EXPERIMENTS WITH TAR PRODUCTS. 


In considering the tar experiments it will be noticed that in almost 
every case the cost for labor per square yard is high. This was 
largely due to the shortness of the sections treated, which made it 
impossible to handle large quantities of material at one time and 
prevented systematic routine work on the part of the laborers. 
Added to this, the cost of extensive repairs and of removing large 
quantities of waste material which had collected in the gutters, the 
total cost per square yard is in most cases considerably in excess of 
what similar work could be done for under ordinary conditions. 
The following table gives in condensed form the various items of 
labor and material relating to the different experiments. 
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TABLE 2.—Cost data of tar experiments. 
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Nearly all of the sections were in good condition when they were 
inspected in November. It is impossible at the present time to make 
decided comparisons of the values of the different surfacings, but, 
undoubtedly, after the cold rains and frosts of winter, conclusions 
may be reached as to the worth of each one, for these agencies are 
the worst enemies of work of this kind. Some facts of interest have 
already been noted which it may be well to mention at this pou 
It has been shown that water-gas tar is a satisfactory dust layer anc 
preventive when used in moderate quantities on roads already in 
fairly good condition. It can undoubtedly be applied to the 
advantage by means of an ordinary sprinkling cart on the npre 


pared road, and when used in this way serves to make the road su 
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face firm and keep down the dust for some time at a very reasonable 
cost. Its odor is objectionable at first, but soon disappears. It must 
necessarily be appled more frequently than the heavier tars, owing 
to its lack of body. Where extensive repairs have to be made before 
treatment it has but little value as a binder for the large, loose 
material, and whether its use even in large quantities will be satis- 
factory for this purpose and for holding down a heavy surface 
dressing is a matter for the future to decide. 

At the present time some of the experiments with crude coal tar 
show up favorably in comparfson with the work with special prepa- 
rations, but time is needed to decide definitely upon their relative 
merits. As regards application, the special preparation has the ad- 
vantage over crude coal tar in being less inflammable and less likely to 
boil over the sides of the kettle if heated too high, but, on the other 
_ hand, its cost is considerably greater. ‘'wo criticisms, which have 
already been offered by farmers to both of these products, are that the 
traction of heavily loaded wagons is increased and that in frosty 
weather the road is made very slippery and offers but little foothold 
to horses. While the mixtures of water-gas tar and coal tar, with a 
light dressing of trap screenings, give better results in these respects, 
it is impossible at the present time to say that their use will prove 
as satisfactory or economical in the long run. A material which can 
be applied cold is much easier to handle than one requiring heat, but 
of course the latter has the advantage of containing more binding 
material or base. Where surface dressing is needed the use of clean 
4-inch screenings is certainly to be preferred to gravel, as less rolling 
is required and a better wearing surface is produced. 

The surface treatment of roads with tar is more a palliative than a 
preventive of the dust nuisance. Some more permanent treatment 
- of the road is essential for lasting results. It is the intention of the 
Office in the near future to carry on experiments along the latter line, 
with the use of a well-tarred sand to supply a part of the binding 
material and to fill the voids. One of the most promising methods 
with respect to cost which has suggested itself is to apply a layer of 
this tarred sand to the bottom course of No. 1 stones, which should 
first be well rolled. The second course of No. 2 stones should then 
be applied and the whole rolled until the sand has been thoroughly 
worked into both the upper and lower courses. A surface application 
of tar should then be put on and sufficient sand or fine stone chips 
spread to bring the surface to a smooth and uniform condition when 
rolled. | 


EXPERIMENTS WITH OIL EMULSIONS. 


It was the intention of the Office at first to experiment upon this 
same road with calcium chloride and a number of oil emulsions, but, 
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as there proved to be no convenient water supply at hand, it was 
found impossible to give these preparations a-fair trial. As a quan- — 
tity of material had, however, been donated for this purpose, it was 
used to the best advantage under existing conditions and in spite of 
many drawbacks gave fairly satisfactory results and indications of 
what might have been accomplished under more favorable circum- 
stances. The materials used were specially prepared residual Texas 
oil emulsions. Both were capable of being mixed with water in all 
proportions. Upon examination, emulsion No. 1 was found to con- 
tain an asphalt-like base of 30 per cent and emulsion No. 2 a similar 
base of 57.5 per cent. They were mixed with water and applied from 
a sprinkling wagon upon sections of unswept road in fairly good 
condition. 

Two applications of emulsion No. 1 were made twenty days apart. 
A 25 per cent mixture was used, the sprinkling cart traveling three ~ 
times over the road during each application, once down each side 
and once over the middle. As the sprinkler covered about two-thirds 
of the width of the road, the center received about three times as 
much material as the sides. The preparation was well absorbed by 
the road, which assumed a somewhat darker color, and but little dust 
was noticed even at the end of three months. A thin coating of 
asphaltic base was retained by the road surface, which hardened upon 
drying, and undoubtedly tended to reduce the wear of traffic. 

A section 700 feet long and 15 feet wide was treated in this man- 
ner, 0.19 gallon of the oil emulsion or 0.76 gallon of the solution 
being applied per square yard. Reckoned at 16 cents per gallon, the 
cost of application was 3.2 cents per square yard for material and 0.6 
cent for labor, making a total of 3.8 cents per square yard. , 

Emulsion No. 2 was applied in the same manner as emulsion No. 1, 
but in this case only one application of a 23 per cent solution was 
made. The road thus treated had a somewhat darker appearance 
than that treated with the first emulsion. The general effects were 
similar and.as the material sells at the same price as emulsion No. 1 
its use proved more economical. It was, however, a little more dif- 
ficult to handle and not as readily miscible with water. 

A section 800 feet long and 15 feet wide was treated with this prod- 
uct and about 0.1 gallon of emulsion No. 2 or 0.4 gallon of solution 
was applied per square yard. The cost of application was 0.2 cent 
for labor and 1.5 cents for material, making a total of 1.7 cents per 
square yard. . 

The results obtained from the use of these materials may be com- 
pared with those from using water-gas tar, when light applications 
of the latter are made by sprinkling. Emulsion No. 2 has but little 
odor, while emulsion No, 1 has a rather strong though not exceed- — 
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ingly disagreeable odor, which, like that of water-gas tar, soon dis- 
appears. While the application of water-gas tar has the advantage 
of not being dependent upon a water supply, this special preparation, 
on the other hand, can be transported at a much lower rate, owing to 
its concentrated state. 


EXPERIMENTS AT WASHINGTON, D. C. 


CALCIUM CHLORIDE. 


The value of calcium chloride as a dust preventive was tested on 
the portion of the macadam driveway in the Agricultural Depart- 
ment grounds, in Washington, D. C., which connects Twelfth and 
Fourteenth streets. 

The roadway is built of trap rock, held in position by a soft lime- 
stone binder. The screenings of this binder pulverized rapidly under 
- traffic, forming a light dust which passing vehicles continually raised 
into the air. It was then carried away by the wind. In this way the 
road was becoming stripped of its binding material. 

In preparation for the treatment all dust and dirt was scraped 
from the surface of the roadway. A solution was prepared by mixing 
300 pounds of commercial calcium chloride (granular, containing 75° 
per cent calcium chloride and 25 per cent moisture) with 300 gallons 
of water in an ordinary street sprinkler, care being taken to agitate 
the liquid thoroughly before applying it to insure a uniform solution. 
It was then applied from one sprinkling head, and the sprinkler 
passed slowly back and forth over the road to facilitate the complete 
absorption of the solution. Each application consisted of 600 gallons 
over an area of 1,582 square yards, or 0.38 gallon per square yard. 

The first application was made July 13, 1907, followed by a similar 
one July 15, to increase the efficacy of the treatment. The effect of 
the first two treatments was marked. No auxiliary sprinkling was 
necessary for some time, the light rains falling at intervals supplying 
all the moisture required. The untreated portions of the driveway 
_ lying parallel to Twelfth and Fourteenth streets were sprinkled daily 

-and vehicles raised a perceptible dust, although the traffic over these 
wings was much less heavy than that on the treated portions. 

During this time the appearance of the roadway varied perceptibly 
in color according to the moisture in the road surface, ranging from 
a light gray when dry to a peculiar grayish brown when moist. The 
brown shades were deepest over the portions traversed by the wheels 
of vehicles. The texture of the road surface was completely changed 
after the application of the calcium chloride. Before treatment, 
raveling was excessive in spots and the whole surface seemed loosely 
knit together. After the application on July 15 this condition 
changed and the road surface became smooth, compact, and resilient. 
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The third treatment was given August 3, as certain points exposed 
to the most severe wear were showing signs of raveling. The phe- 
nomena following this treatment were not unlike those attending the 
first set of applications and repeated themselves as later applications 
were made, though no further treatments were given until the condi- 
tion of the roadway seemed to demand it. Such auxiliary sprinkling 
as was necessary consisted in the application of about 0.2 gallon of 
water per square yard at a time. 

Table 3 shows cost of applications. The calcium chloride was do- 
nated by a manufacturing chemical company of Baltimore, Md., and 
is charged at the rate of $16 per ton, f. 0. b. cars at Baltimore. A 
freight charge of 13 cents per hundredweight is added to place the 
material on the ground. 


TABLE 4.—Cost of applying calcium chloride. 











Item. : Cost. 
600 pounds caleium chloride; at $18.60 per ton. 2c. _24i 2 4 eee $5.58 
semen tor 1% hours, at.15 cents per houtes-—._- ee .675 
1-horse sprinkling wagon for 14 hours, at 35 cents per hour_____-____-____--__-____-___--__ Ryd 
Total cost’ of, 1,582. square, Vards...--. 2-2. = ee ee a ee eee 6.78 
@osti per! square yard: at tis: rate2U-2 ek Lt ee ee ee a ee .0043 
Total cost of five applications... 2.2 20. ee ee ee 33.90 * 
@ost "per Square ‘yard! of ifive ‘applications 2222-1 eee ee ee eee .0235 


The specific gravity of these solutions ranged from 1.053 to 1.060. 
Some variation was unavoidable, as the calcium chloride in some of 
the barrels had absorbed a large amount of moisture from the atmos- 
phere. In such cases the actual percentage of the chemical to 300 
pounds was less than where little or no moisture had been absorbed. 

At the time of the last application several hundred pounds of the 
salt remained unused. This was divided as nearly as possible into 
two parts, to be applied to the two wings of the driveway lying paral- 
lel to Twelfth and Fourteenth streets. The east wing received a treat- 
ment of 0.28 gallon per square yard of a solution the specific gravity 
of which was 1.145 and the west wing a similar application of a solu- 
tion having a specific gravity of 1.121. No further sprinkling was 
found necessary for the remainder of the season upon these branches 
of the main driveway. 


EXPERIMENTS AT BOWLING GREEN, KY. 
ROCK ASPHALT, CRUDE OIL, AND A SPECIAL OIL PREPARATION. 


Another series of experiments was conducted by this Office at 
Bowling Green, Ky. The materials used were Kentucky rock asphalt 
tested for its fitness as a binder in macadam construction, crude Ken- 
tucky oil, and a special preparation of residuum oils, the last two of 
which were used as dust preventives. This work was done in coop- 
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eration with the authorities of Warren County and lay just beyond 
the city limits of Bowling Green. The location of each section of 
experimental work is given in connection with its description. 


ROCK ASPHALT EXPERIMENT. 


The rock asphalt used in this experiment is a natural product formed 
in the Chester group of subcarboniferous rocks over a course extend- 
ing through Breckinridge, Grayson, Edmonson, Logan, and Warren 
counties in Kentucky, marking the edge of the coal fields lying in 
the western part of that State. It is a fine-grained sandstone which 
in the past has been impregnated with mineral pitch or bitumen, the 
latter averaging from 6 to 8 per cent, with a maximum of 12 per 
cent. Both appearance and impregnation are irregular, for it is 
generally found in pockets rather than in distinct continuous veins, 
and the distribution of the bitumen over the pocket ranges from a 
mere trace to saturation. 

The quarrying and first crushing of rock asphalt are not unlike 
that of other rock intended for macadam or concrete work. After 
having been broken into pieces to pass through a 2-inch ring, it is 
conducted to a series of roll crushers, consisting of parallel steel 
cylinders. The bitumen in the rock gives sufficient adhesion to carry 
the material through the rolls, once it has been forced against them. 
The finished product after crushing is a mass of individual grains 
of sand, each thoroughly coated with a film of mineral pitch suffi- 
ciently glutinous to cause it to adhere to surrounding grains and to 
pack very firmly if subjected to pressure. If chilled when compacted, 
a lump becomes very hard and tough; if warmed in the hand, the 
bitumen becomes soft and semifluid and the individual grains of sand 
fall from the mass of their own weight. When freshly crushed it 
is of rich dark brown color with a slight luster which gradually 
disappears as the bitumen hardens and dries. 

The test was made on what is known as Cemetery pike, running 
east from the city hmits of Bowling Green. It is the main thorough- 
fare leading from the southern and eastern parts of Warren County 
to Bowling Green, the county seat, and, besides being the route for 
heavy rural traffic, it passes extensive gravel beds and timber lands 
from which heavy loads are being constantly taken on- narrow tires. 
The form of construction originally adopted was a 20-foot Telford 
road. When this surface had been worn away under traffic and the 
foundation exposed it was repaired and brought to grade with a 
sharp gravel containing about 20 per cent of:sand and clay. This 
bed of gravel was about 8 inches thick, compacted. Previously to 
the experiments it was loosened to a depth of 4 inches by means of 
a spiked roller and a heavy harrow and was shoveled out by hand. 
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The subgrade was then made to conform to the crown of the road-~ 


way, which was planned to be 44 inches in 9 feet, or an average of © 


one-half inch per foot. The gravel removed in shaping the subgrade 
was used for repairs on the roadway beyond the work. 

After thoroughly compacting the subgrade with a roller the wear- 
ing course of stone was laid. It consisted of limestone crushed to 
range from 1 inch to 1} inches in largest dimension and was spread 
to a uniform depth of 4 inches. This course was then rolled once 
to turn down the sharp edges of the stone and form a smooth, even 
surface. No further attempt was made to reduce the voids in the 
stone by compacting it, as these were to be filled with the rock asphalt. 
This material was then thrown on with shovels from wagons and 
dumping boards along one side of the road. It was spread to a depth 
of 14 inches, care being taken to break all lumps and to work all the 
asphalt rock possible into the interstices of the stone without dis- 
turbing the iatter. 

As the work progressed the roller was kept moving back and forth 
parallel to the axis of the roadway and worked from the outer edge 


to the crown as in ordinary macadam construction. To prevent the 


adhesion of the bitumen to the wheels of the roller a light coating 
of natural cement was dusted over the rock asphalt, but it was soon 
found that in moving the roller off the work at the end of each 
rolling enough dust collected on the wheels to prevent adhesion and 
no more cement was used. The stone had not been thoroughly com- 
pacted before applying the asphalt, and for this reason a very per- 
ceptible wave in the surface preceded the roller, causing the asphalt 
to crack until after the fourth or fifth rolling. At this stage most 
of the coating had been forced into the voids of the stone, as was 
found by cutting into the surface, and very little decrease in its 
thickness was detected after the rock had come to a firm bearing. 
In this manner a section 385 feet long and 18 feet wide was paved. 

The behavior of the rock asphalt varied according to temperature. 
During early morning, when both asphalt and rock were cold, it 
worked into hard, rounded lumps, which were broken with difficulty 
with the rakes. The location of such lumps was plainly visible 
after repeated rolling, but they disappeared completely after being 
subjected to the heat of the sun. As the day grew warmer the 
material spread smoothly and compacted evenly and uniformly. <A 
hght but cold rain, with temperature of 65° F., impeded work for 
several hours. After a temperature of from 70° to 75° EF. was 
reached work progressed well and good results were obtained im- 
mediately. The temperature of the days during the period covered 
by the work was uniform, excepting at the time of the cold rain 


mentioned above, with a maximum temperature ranging from 94° 
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to 97° F, during the heat of the day. The inadvisability of working 
the material when chilled and damp was apparent, for that portion 
of the road laid at a temperature of 65° F. failed to become hard 
and firm for several hours after'subsequent applications had com- 
pacted satisfactorily. 

One difficulty met in this work was caused by the necessity for hav- 
ing one half of the roadway open to traffic, while the other half was 
under construction. In order to avoid a break or distinct line between 
the. parts, the inner edge of the asphalt was rolled lightly, so that 


- when the other half of the work was laid the loose particles would 


unite without difficulty. As a result of this precaution an unbroken 
surface along the middle of the roadway was secured. The ready 
cohesion of the particles was further shown when, after an accident, 
it was necessary to repair a portion which had been opened to traffic 
for three days. The asphalt and stone were removed over an area 
of 4 square feet, the stone replaced and tamped by hand, and a new 
coating of asphalt applied and rolled. After two days no evidence 
of damage or repair remained visible. 

As soon as one-half of the roadway had been surfaced and properly 
rolled it was opened to traffic in the hope that the asphalt would be 
further worked into the voids of the stone by the action of wheels 
and hoofs. At first the coating rutted badly under the weight of 
the heavy loads of gravel and logs to which it was subjected and the 
smooth surface given by the roller was seriously cut by hoofs. This 
effect decreased visibly after three or four days; at the end of a week 
no trace remained of the deepest ruts and the surface had become 
smooth and compact. It then presented an appearance not unlike 
that of an asphalt pavement which has been open to traffic for some 
time. Close inspection, however, showed the presence of a slight ex- 
cess of bitumen which held a thin film of dust and fine sand closely 
and caused it to become incorporated into the surface under traffic. 
With the passing of time this excess of bitumen disappeared and at 
the end of four months very little was noticeable. 

The conditions necessary to satisfactory results from the use of ae 
asphalt in this form as a binder in macadam road construction are: 
That the broken stone of the wearing course be clean and dry to fa- 
cilitate adhesion of the bitumen and of fairly uniform size and un- 
compacted to give a large percentage of voids; that the stone be 
spread evenly and true to grade; that the temperature of the atmos- 
phere be sufficiently high to cause the bitumen to soften and allow 
the grains to glide over each other readily; that the asphalt be thor- 
oughly raked into the voids of the stone without disturbing the latter. 

The simplest method of rolling rock asphalt is to have the roller 
move forward as far as the work permits, returning with but little 
lateral change of course. Any great change in the course of the roller 
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accompanied by rapid guiding movement of the trunnion roll causes 
the loose asphalt to slough over the stone surface and tends to make 
it adhere to the trunnion roll. For similar reasons sudden starting, 
stopping, and reversing are to be avoided until the material has been 
thoroughly compacted. If the roller is driven upon newly spread 
material a distance less than its wheel base, at the same time working 
from the outside to the crown of the road, the drive rolls may always 
be kept upon partially compacted material. In this manner the roll- 
ing may be kept abreast of the spreading, little damage being done in 
case of rain or sudden cold, and any defects in the work will become 
apparent as the work progresses. 

The stone, labor, teams,.and roller were furnished by the county 
authorities. Labor ranged from $1.20 to $1.25 and teams cost $3 per 
day of ten hours. The roller was loaned to the county for this work 
and the cost of operating it was $2.50 per day for the engineer plus 
the cost of fuel. The water for the roller was taken free of charge 
from the city mains, but as a team was kept constantly to supply 
water and coal to the roller this amount is charged in the item of roll- 
ing. About 65 cubic yards of gravel was removed in shaping the 
subgrade and used to repair the gravel surface beyond the point 
where the work stopped. The cost of loading and hauling this ma- 
terial is charged against the asphalt work, while the spreading, roll- 
ing, and sprinkling of the gravel is charged against repair work in 
the preparation of the roadway to receive a treatment of oil. This 
item is referred to again in the discussion of the cost of experiments 
in the use of oil as a dust preventive. The unit cost of rolling is 
large in proportion to the actual cost of the roller to the county, by 
reason of the short length of road surfaced. As a consequence the 
roller was frequently idle, though under steam. 

Two factors lent themselves to increasing the cost of spreading the 
asphalt: The inexperience of the laborers in working the material, 
and the long haul to which it was subjected. The former would have 
been materially reduced after a few days, but the latter was unavoid- 
able and resulted in packing the rock asphalt so firmly that it re- 
quired great additional labor afterwards to break the lumps. The 
stone was delivered on the roadway at $1.20 per cubic yard and was 
spread 4 inches thick uncompacted, making the cost per square yard 
delivered 13 cents. The rock asphalt was donated, but is charged in 
the following table at its market price of $5 per ton f. o. b. cars at 
Bowling Green, and the cost of loading and hauling it is included in 
its unit cost delivered on the work. It was spread about 14 inches 
thick, or at a rate of 24.5 square yards per ton. 
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The following table contains an itemized statement of the cost of 
the various processes of the work: 


TABLE 5.—Cost data of rock asphalt experiment. 








Cost 








| 1 Percentage 

Item. | cr Totaleost. of total. 

| 

x | Cents. Dollars. Per cent. 
TT ETN ESS Lae OR ek ee © Slee ee ee ee | 5.66 43.60 11.8 
Rou oi Ep SR de i gn 13.71 105.60 28.8 
MEERA TG 4 eee See) Pee tie eet 78 5.97 Fl 
IC rere Mas ge i ee .09 .67 3 
2 SN Sue 2d al 0 Cotta a te ee Ge aie le Sc See a Dae he 183.10 50.0 
aT A SS RE Bs es De ere ! 1.44 11.064 Sen 
nn nne F Prearete J tc. oe Ae Set eel uel. ! 2.18 16.783 4.3 
CUNT SL La ale Sg le Sd SE Be Sa ee ree) NEST 3) Lees 47.63 366.79 100.0 


As has already been stated, the finished road surface was similar to 
an asphalt pavement which had been open to traffic for some time in 
its dark-brown color and smooth even finish. Practically little im- 
pression was made on the surface by traffic after a week, except on 
very warm days, and this was not sufficient to impair its appearance 
or value. Incisions into the surface revealed a dense coating of dust 
and sand about one-eighth of an inch in thickness thoroughly incor- 
porated in the bitumen. This served at once as a wearing surface 
and as a protection to retain the bitumen in the sand below. Only 
at one or two points did the limestone of the wearing course protrude. 
This occurred where the rock had been disturbed after it had been 
rolled and had been forced up into the asphalt layer. Rolling and 
traffic had left it flush with the surface, however, and its presence 
was considered as a defect in the appearance rather than in the wear- 
ing quality of the roadway. 

After four months the appearance of the roadway had undergone 
no appreciable change. Along the crown a few more particles of 
limestone were exposed to view. This was undoubtedly due in large 
measure to the effect of traffic in forcing the asphalt into the voids 
of the stone, for a large part of the traffic is confined to the center of 
the pavement. This development was not regarded as of serious con- 
sequence, however, as the rock along the axis of the roadway had been 
more or less disturbed while the asphalt was being laid, and it is 
probable that the few protruding stones were those which had been 
raised above the general plane of the rock surface and were not cov- 
ered to the same depth by the rock asphalt as surrounding rock. 
Incisions into the asphalt at this time revealed no perceptible loss by 
drying or hardening of the bitumen, as the sand particles showed 
their normal inclination to move when warmed in the hand. 

The permanence of macadam construction depends largely upon 
the nature of the binder used and the ability of traffic to supply by 
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attrition the material which is removed by wind and water. It was 
to test the adaptability of rock asphalt as such binding material that 
this piece of construction was undertaken. The pavement formed is 
dustless. There is no appreciable wear of the surface material to be 
‘raised and carried away by the wind as dust and such dirt as may be 
carried upon it is readily removed by sweeping or flushing with 
water. There is sufficient adhesive power in the bitumen to serve as 


a cement to hold the stone of the wearing course in place, giving at 


once a smooth and waterproof surface. It is resistant to deforma- 
tion under a load, yet sufficiently plastic to break the severity of the 
blow from a horse’s hoof, and thus, in a measure, avoids the harmful 
effects of rigid pavements on animals. 

Observations will be continued to determine its resistance to wear 
and weathering and its general utility as a macadam binder. 


OILS. 


In connection with the work on rock asphalt experiments were 
made to determine the comparative value of a residuum oil prepara- 
tion and crude oil as dust preventives. The oil preparation is a pat- 
ented mixture of residuum oils combined with a view to obtaining such 
proportions of asphaltic and lighter oils as shall be best fitted for im- 
mediate dust laying and permanent improvement of the roadway. 
The crude oil was from Saltlick, Ky., and was a normal Kentucky oil 
with a semiasphaltic base. These tests were made on Cemetery pike 
beyond the point where the rock asphalt work ended. 

The general condition of the gravel roadway was unsatisfactory for 
the purposes of such a test. The cross section of the roadway was 
quite flat, the crown having been completely worn down by continued 
use, so that lateral drainage was defective. There were also extensive 
pockets of loose material, characteristic of roads made of gravel con- 
taining a large percentage of sand and clay. An effort was made to 
repair these patches or pockets by removing the loose sand and fine 
gravel and filling them with new material which was then sprinkled 
-and rolled. It was not considered advisable, however, to reshape the 
cross section of the roadway, for the reason that this would have re- 
quired the loosening of the entire road surface and the addition of 
new material to bring it to grade and crown. In this reconstructed 
condition the gravel would have been very porous and insufficiently 
compacted to retain the body of the oil on the surface of the roadway. 

Heavy rains had fallen for several days preceding the application 
of the oil, and although the road surface was quite dry there was a 
large amount of moisture in the roadbed. This prevented the rapid 
absorption of the oil by the gravel before the evaporation of the 
lighter oils took place. 
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The oils were applied over a width of 12 feet of the roadway by 
means of an oil sprinkler adapted to the uniform spreading of heavy 
liquids. The flow of the oils was regulated according to the needs of 
the roadway, dusty portions and newly repaired places being given 

- more than the average section of roadway. As a consequence of this 
unequal application the roadway after oiling presented a uniform 
appearance. 

The first material to be applied was the oil preparation. In order 
that none of this oil should be carried to the asphalt work a space of 
500 feet was left untreated between the two sections. A tank load of 
760 gallons was spread over an area of 841 square yards, giving an 
average of 0.903 gallon per square yard. At the time of application 
the temperature of the oil was 87° F., due to its exposure to the sun in 
the tank wagon. It was heavy and was absorbed very slowly by the 
gravel, about four days being required to cause it to become thor- 
oughly incorporated into the surface of the road. After this time 
the gravel became compact and showed few traces of wheel marks 
except at points where repairs had been made, in which cases the 
cementing process took place more slowly. 

In the case of the crude oil the application was first made on one 
side of the roadway to allow traffic to pass over the untreated side in 
order to avoid any harmful effect to rubber tires. The other half 
was then treated the following day. Being more fluid, it was ab- 
sorbed more readily than the oil preparation, but its first behavior 
and effect were quite similar to the latter. In fact, there was no per- 
ceptible difference between the appearance of the two sections after 
four days had elapsed. The odor of the crude oil was slightly more 
pungent than that of the oil preparation. In all, five tank wagons of 
crude oil, or a total of 3,712 gallons, were applied to 4,416 square 
yards of road surface, making an average of 0.84 gallon per square 
yard. 

In order to compare the effects of oil on gravel and on macadam 

. roads an experiment was made on Scottsville pike, leading south from 
Bowling Green. This was a limestone macadam road 12 feet wide in 
good repair, laid on a Telford base. The traffic over this road was 
similar to the traffic over the gravel road. At the time of treatment 
there was a thin coating of about one-eighth inch of dust on the road- 
way, consisting largely of powdered limestone. This roadway was 
given an application of 755 gallons over an area of 1,452 square yards, 
making the rate per square yard 0.52 gallon. 

A slight change in the method of treatment was necessary because 
of the high crown of this road, which was more than 1 inch per 
foot. The oil was not applied uniformly over the entire width, 
but instead a width of 6 feet in the middle was treated heavily while 

the edges were lightly oiled. Any excess of oil along the crown 
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flowed over the portions less heavily oiled and was absorbed before 


reaching the earth shoulders. ‘This prevented a waste of the oil and — 


placed the heaviest application on the part of the roadway subjected 
to greatest traffic. This roadway absorbed the oil more rapidly than 
did the gravel road. This was due to the lighter application, to the 
greater porosity of the soft limestone, and to the fact that the better 
lateral and longitudinal drainage of the macadam road had left it 
drier after rains. 

The cost of applying the oil was slight because of the ease with 


which it was spread with the sprinkler. The tank car containing the 


crude oil was placed on a trestle siding in a coal yard and the oil 
drawn off by gravity, thus saving time and labor in pumping. A 
team and driver at $3 per day and an operator estimated at $2 per 
day were required to do the work. The relative decrease in the cost 
of application as the area treated increased, while the facilities for 
spreading the oil remained the same, is due to the fact that the addi- 
tional time required to empty the tank wagon when the valves were 
partially closed was not at all proportionate to the increase in area 
covered; nor was this additional time a factor of importance com- 
pared with the longer time required to drive to and from the tank 
car to fill the sprinkler. The very low cost of application in the case 
of the macadam ,roadway was due to its short distance from the 
siding on which the tank car stood. 

The repairs to the gravel road were referred to in discussing the 
rock asphalt work. The charge for this item includes the removal of 
worn-out material and the spreading, sprinkling, and rolling of the 
new gravel. Such ditching as was necessary is also included in this 
item. The following table gives a statement of the cost of repairs, 
materials, and application of the oils: 





T: Jost data of oil experiments. 
































! 
Cost per | Ph 
Experiment. | Item. square | cont, 
yard. . 
: Cents. Dollars. 

Repairs and'ditehinr Ss) 4... 21253 0.57 4.79 
Olle ee i ee Ec | aig 110.00 
Special oil preparation__________ Applicationt 2 Sr ro ee 47 3.93 
| Total comtatis. Wa [11 bn LIP vs ieee 
Repairs and ditehing-_ 252. sees ag . oe 14.38 
Des a AE eee ae es ee 4.46 193.94 
Orudeé ‘oil onigtavel. road... 2. 2) hs fe Applicationsess fot. Fie eee .16 7.28 
Total Coste see ee is 4.95 | 218.60 
OT. Fh) dee ake nine son steed dedaete pA 5 40.00 
Crude oil on macadam road__--------- Application-------.------.-----------. 11 1.64 
| POtal Costin, --- 2. - veake ebeel | 2.86 41.64 
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It is to be regretted that no statement can be made of the compara- 
tive results obtained from the application of the two oils. The entire 
area treated with the special oil preparation and about 1,100 square 
yards of that treated with the crude oil were covered with a coating 
of gravel in the fall, concealing the original road surface and all 
traces of the oils. Beyond the point where this gravel was laid down 


the crude oil was plainly visible and its effect marked. The surface 


gravel was closely knit together and all dust and sand particles were 
well coated with oil. The entire road surface presented a uniform 
appearance and there was no trace of the repairs made at the time of 
application. Rain had fallen just previous to the inspection and 
there was no dust, but it was evident from the appearance of the road 
surface that it was ordinarily quite dustless. Statements to this effect 
were also made by competent observers. 

On the macadam road the effect of the treatment was less marked 
than on the gravel road. The discoloration was less pronounced and 
there were no oil-coated particles to be found because of the perfect 
absorption of the oil by the limestone dust. However, the effect of 
the oil could be seen in the wheel tracks where the dust coating was 
more closely compacted. 

No complaints had been made that the oil caused injury to rubber 
tires, paint on vehicles, or to clothing; on the other hand, as soon as 
the wholesome effect of the treatment by oil became evident the city 
of Bowling Green took immediate steps to treat sections of streets 
within its limits subjected to the heaviest traffic. The results of such 
applications were reported to be entirely satisfactory. 


FURTHER REPORT ON EXPERIMENTS MADE AT JACKSON, TENN., 
IN 1905 WITH TARS AND OILS. 


TAR EXPERIMENTS. 


_. An average quantity of 0.45 gallon of tar per square yard was 
used in this experiment. It was placed on the road at a temperature 
of from 160° to 190° F. The material used came from Alabama and 
was a by-product from the manufacture of coke. It was practically 
free from moisture. 

The road on the levee to which tar was applied has suffered several 
breaks owing to a flood, in which case parts of the road were washed 
away entirely, though it is apparent that the application of tar pre- 
vented the washing away of the road surface on the portions that 
remain intact. 

Street-car tracks are laid on the street forming one side of the city 


square. This street was treated with tar. Owing to improper bal- 


lasting of the tracks, sand and earth are constantly washed down 
upon this tarred surface. For this reason the success of this experi- 
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year. lini qieeeen of road is Ae shaded and om a thin suntaiie . 
crust ever dries out. Wheels have picked up this thin crust and the 
tar has accordingly disappeared. No repairs have been made on the | 
other streets which were treated with tar since the material was 
applied and the absence of mud or dust on these roads is noticeable. — 
The dust is blown off the surface and the small amount of mud that — 

forms is washed away by each rain. The results of these exper ~ 
_ with tar have been on the whole very satisfactory. i 


OIL EXPERIMENTS. 


Several grades of oil were used in these experiments, varying in 
quality from a light crude oil to a heavy residuum. About 0.48 
gallon of crude oil was applied per square yard and 0.71 gallon 
residual oil on a like area. The crude oil was used cold, but the 
others were heated. 

No further treatment or repairs have been made to the roads 
which were treated with oils. A report from the city engineer of 
Jackson, Tenn., under date of February 25, 1908, states that the 
crude and steamer oils have left no appreciable effects, but that good 
results are still apparent where the roads were treated with the 
residual oils. These latter roads are still practically dustless and 
all washing has been prevented. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 
Wasuineton, D. C., March 16, 1908. 
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PROGRESS REPORTS OF EXPERIMENTS IN DUST PREVENTION, 
eet ROAD PRESERVATION, AND ROAD CONSTRUCTION. 


INTRODUCTION. 


During the summer of 1908 a number of experiments in road preser- 
vation and construction were conducted by the Office of Public Roads 
in cooperation with various municipalities. It is the purpose of this 
circular to present a brief description of these experiments and also 
to report the results obtained from experiments conducted along 
similar lines in previous years. Complete descriptions of these earlier 

experiments will be found in Circulars Nos. 47 and 89. The experi- 
ments with asphaltic preparations, tar preparations, and residual oil 
made at Newton, Mass., in 1908 are reported on pages 2 to 10; the 

- experiment at Independence, Kans., with earth-asphalt, on pages 10 
to 12; and those with tar-slag, tarred slag, and tarred slag-limestone 
macadam made at Birmingham, Ala., on pages 12to 15. Fourexperi- 

mental sand-clay roads built in Kansas are described on pages 15 to 
19. Further reports on various experiments conducted by the 
Office in previous years will be found on pages 19 to 23. 

It will be noted that. the experiments with dust preventives 
and road binders made in 1908 differ from those of earlier years 
mainly with respect to the manner of application of the various 
dust preventives and road preservatives. While the earlier experi- 

ments were concerned with the surface treatment of old roads, 
_ the later ones deal principally with the treatment of roads during 
construction or reconstruction. It is the belief of the Office that 
where new roads are being built or, old ones are being resurfaced 
it is far better policy to incorporate a suitable binder with the road 
material at that time than at a later period to attempt to prevent 
deterioration by means of surface applications when the surface is 
worn and dusty. While the initial cost of such work will, of course, 
be somewhat greater, it should prove more economical in the long 
run where proper materials are employed in a suitable manner. 
79655—Cir. 90—09——1 





EXPERIMENTS AT NEWTON, MASS., IN 1908. 
ASPHALTIC PREPARATIONS, TAR PREPARATIONS, AND RESIDUAL OIL. _ 


The experiments at Newton, Mass., were conducted by the Office of 
Public Roads in cooperation with Mr. Charles W. Ross, street com- 
missioner of Newton. All labor, apparatus, and road stone were fur- — 
nished by the city of Newton. Some of the binding materials were _ 
donated by manufacturers and others were purchased by the city. 
Direction and supervision of the work were furnished by the Office of 
Public Roads. 

Cabot street, running west from Center street and connecting New- 
- ton with Newtonville, was selected for all experiments excepting No. 
11. This street had been macadamized to a width of from 19 to 25 
feet about twenty years previously and was badly in need of resurfac- 
ing. The grade varied from 1.5 per cent to 6.35 per cent. This road 
is subjected to an ordinary mixed traffic in which Suton pre- 
dominate. 

Crushed field and cobble stone was furnished for part of the work, 
but for the greater portion chlorite schist obtained from the city’s 
quarry was used. The length of haul was considerable, four loads 
per team per day being the maximum and three loads the minimum. 
The laborers were for the most part skilled in road work and were fur- 
nished from the regular city force. The cost of labor per eight-hour 
day was as follows: 


Samo a00r, .... . 2... = $1. 75-$2.'25 | Double teams... ...2.. 22 $5. 25 
Foreman. 220.2... 2205 522-22 02208 2/50 W Roller i 2 rr 10. 00 
Single teames. . iso PS eee Bo e08 | Roller operator..... /2..-. gaan 2. 50 


The cost of broken stone at crusher was figured. at 93 cents per 
cubic yard, sand at 69 cents, and gravel at 7 cents. Account was 
taken of all miscellaneous expenses, such as lumber for stone gauges, 
wood for heating purposes, drayage, interest on capital invested in 
apparatus, etc., and divided among the different experiments. Of 
the various binders used the asphalt preparation was figured at 13 
cents per gallon, oil and refined coal tar at 8 cents, and refined water- 
gas tar at 74 cents. This included freight charges. As some of these 
materials were furnished free of charge, their cost could only be esti- 
mated, and for purpose of comparison can, if desired, be eliminated 
in considering the various experiments, provided the quantity em-— 
ployed is taken into account. In different parts of the country their 
cost would vary, so that for estimation of similar work done else- 
where the cost at the given location should be substituted. 

Owing to the distribution of the laborers and their employment in 
various kinds of work during the same day, as well as to occasional 
losses of time which are unavoidable in experimental work, it was 
impossible to determine accurately the increased cost of construction 
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over that of ordinary macadam. As the average cost of macadam 


per square yard 1 inch in depth has in the past amounted to 10 cents 
in the city of Newton, it would seem fair to deduct this amount from 
the total cost and consider the remainder as additional cost. New 
material was applied to a finished depth of 4 inches, so that the total 
cost per square yard minus 40 cents will give a close approximation of 
the additional cost. The cost data of the different experiments are 
given on page 10. 

All work was carried on during the months of August and Septem- 
ber, the weather being cool. No bituminous material was mixed in 
wet weather, nor applied while the under surface was wet. With 
exceptions noted under the various experiments, the work in general 
was carried on as follows: The entire road was first spiked up and all 
stones over 3 inches in diameter removed by hand; soft places were 
filled with gravel and the road brought to a crown of one-half inch to 
the foot and well rolled with a 20-ton steam roller. A 24-inch course 


_of crushed stone not larger than 24 inches in diameter was then spread 


on, water applied, and the whole rolled until compact and solid. A 
foundation of this kind was constructed as a base for all of the experi- 
ments. As soon as the base was thoroughly dry a 24-inch course of 
warm bitumen-covered stone was spread uniformly over the whole 
surface and rolled until firm. The surface was finished according to 
methods described under the different experiments. 

The bitumen-covered stone was prepared at the crusher in the 
following manner: The bitumen was heated in two 2-barrel kettles 
to a temperature of about 225° F., and at this heat was sufficiently 
fluid to be applied. It was then dipped out in a gallon measure 
and poured over thoroughly dried and heated crushed rock. The 
quantity of rock was carefully gauged and the sizes proportioned as 
given under the different experiments. All mixing was done on'a 
large wooden platform and the stone turned with long-handled 
shovels until perfectly covered. Two complete turnings were usually 


sufficient. The hot mixture was then hauled to the road and applied. 


The stone was heated on semicylindrical heaters, approximately 8 


feet by 34 inches, closed at one end and fitted with smokestacks, 
_ wood being used as fuel. With a good fire, it was found that the 


stone became sufficiently hot to mix in a very short time, so that the 


operation of covering the heater with fresh stone and removing the 


hot stone was almost continuous. Two of these heaters were used 
for the large-sized stone and one for the small. In mixing, it was 
found advisable to first place a measured quantity of fine material on 
the platform and cover this with the proper amount of coarse material, 
after which the bitumen was applied. While being turned, each pile 
was carefully raked by a laborer equipped with an ordinary asphalt 
rake. 
[Cir. 90] 
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It was found most economical and convenient to mix batches of 
stone weighing approximately 1,300 pounds and to employ sufficient — 
labor to mix two batches at one time. By proper arrangement of 
labor, 1 foreman and 15 men could thus mix 37 cubic yards of material — 
per day. | 

The various binders were delivered in barrels and were exceedingly 
viscous liquids at ordinary temperatures. The asphalt and oil prepar- 
ations could be run from the bung, but in some cases it was necessary 
to destroy the barrels containing the tar preparations in order to 
remove the contents. The results of examination of these various 
preparations are given in Tables 1 and 2. 


* 
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TABLE |.—Properties of asphaltic preparations and residual oil. 

















Asphaltie 
Kind of test. prepara- Residual oil. 
tions. 

mpeciie eTavitw 25% C25 NC. 232 eb oy oat eee Sete cee eee eee eee 1.127 0.994 — 
IASDN POI bs,4.o anew Sec e fee mobs Ad Oe oe ee ee tee ee Ee ee Ce cae ee 473° F. (245° C.) 
Volatilization tests: Per cent. Per cent. 

Wossaitiel2 bs (1002 Co) ralterip NOLS) +4 9- ase ee ee eee ee ee eee 135 0. 25 

Wossiati2b2 Hea (163— aC.) alters DOuUrsis= = pee eee ee ee eee 11.74 . 85 

Toss. ati400: Pa( 204° CS yatter 7sOuUts pee se oe ee eee eee 19. 36 5. 80 

FESIGUOL. Sci hes 2 a BUS OEE ee ee SN Oe eee es oe “3 @ 80. 64 b 94. 70 
Distillation tests:¢ 

Distillate to4103 G.> per cent by yolume teu s2se. eee eee e eee oe (@). Aba 

Mightoils, L1i04C.to 1707 .C.- per cent, by VOlUMCG ean sees ee eee 4.9. |. cols eee 

Heavy oils, 170° C. to 240° C., per cent by volume ..............._... 26.3. |... 3.2222 eee 
Soluble in CSo total bitumen: et Sos Sea ee eee ees wee eee eee eee 96. 62 99. 85 
Oneanic matter insolubledn CSovc.. oa. ae oe eee ee ee eae ee ener 3. 18 15 
MBOLPAMICIMALLel ee ee\ 25 ee 4. aa.) Par Ue Renee ces eee aie ee ee es . 20 . 00 

otapee sch 285 os wets ek Oe ee ee ae ees ee ee Ae 100. 00 100. 00 

FrsolmbleimiCCly ie. sca hs.s te ho) el ier oe oe eee er Oe ee 8.61 |. 022. 4428 
Paso leins90 per Cent: DenZol 3.7.5.5 cee ee ene ae eee 6.21 |... eee 
‘Bitumen insoluble ini 86> naphtha --. 2.2. -eeee a. eee ee es eee ae ee eee 5. 40 








a Cracked; hard: brittle. ‘ 

5 Soft; semiasphaltic; pulled to thread. ' 

¢ Distillate to 170°, when cold held about one-twelfth its volume of solids. Distillate 170° to 240°, when 
cotd held a very small amount of solids. This distillate separated into two layers of oil, one apparently a 
petroleum and the other a tar product. , 

d Trace. 

e Per cent total bitumen, 5.46. 


TABLE 2.—Properties of refined tars. 








| 
/ ‘ 
Kind of test. | Coal Water- 








tar. gas tar. 
\ 
Specie oravity 25. C.J2601G Saxe. ko Eee a See ee a an ee 1. 221 1.165 
Distillation tests: | Pervcent. | Per cent. © 
Distillate to 110° @:, per cent ‘hy volumes.s.9 0. 2k Ye... Sa. Ae 2s he oe | 0.0 OOM 
Total light ous.tol70°C., percent by VOlUMEs2.—. 2.9. aoe eee. Soe. nee oe ee 1.6 Od te 
Totel dead. oils; 170° C.-270? C.; per cent. Dy volume 2.2.24 4-25.20 ee | 28. 5 51.9 
Pitch residues: by difference: 2F-%. 222.-22 0 ee ee EE oe ee . eee 69. 9 41.8 
DOC Sti ccs asses vin eah screen ee Ai Cnei deeds os Pen ta ee head ea ee ee eee 100.0 100. 0 
Solivbie in CS, total Bitumen |. /57/) 8 A a | ei 97.47 
Organic matter insolublein CSo.k. . 28. soot ee Pee aoe ee re 18.18 2.53 
Thorgamc matterss. 20. 6.2.5 2525 508s ih... Pal god ee ok teen Ven Pt als eb ae Pe Fy s 
Totid <0 2.0 EE etl OO a ee AGL SOR, nen 100.00} 100. 00 
imsoluble in 90 per cent benzol 22-252. fc. Seen se eee caet see ee ee eee eRe ee 18. 48 5.3499 
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When cold, the light oils from the coal tar contained about one- 
eighth their volume precipitated naphthalene, while only a trace of 
_ naphthalene was found in the water-gas tar distillate. The dead oils 
from the coal tar contained about one-third their volume precipitated 
' naphthalene and from the water-gas tar about one-twelfth their vol- 
- ume. The residue from the coal tar was brittle and nonlustrous; 
that from the water-gas tar was brittle and lustrous. 


EXPERIMENT No. 1.—ASPHALTIC PREPARATION. 


Upon the base prepared as previously described a 24-inch loose 
coat of hot bitumen-covered stone was placed, and rolled with the 
_ 20-tonsteam roller untilfirm. The use of asmaller roller weighing not 
over 8 tons would have been preferable, but none of that size could 
be readily obtained. In this experiment the stone and bitumen were 
employed in the proportion of 960 pounds of 14 to ? inch stone to 350 
pounds of ? to} inch stone to 5 gallons of binder. This mixture could 
be rolled while still hot without sticking to the roller, and when firm 
averaged 2 inchesindepth. A light coat of stone screenings one-half 
inch to dust was applied in quantity sufficient to fill the surface voids, 
and the whole well rolled. The finished road while quite solid was, of 
course, not so dense as though a more carefully proportioned mineral 
 ageregate had been employed. Stones of this size, however, were 
more easily mixed by hand with a less amount of binder than would 
have been required had a greater proportion of fine material been 
employed. 

The section treated was 222 feet in length and averaged 23 feet in 
width, giving a total area of 567 square yards. The amount of 
binder per square yard amounted to 0.54 gallon. 


EXPERIMENT No. 2.—ASPHALTIC PREPARATION. 


In the section reserved for this experiment it was intended to use a 
mineral ageregate containing some material finer than one-fourth inch 
in diameter, in order to reduce the percentage of voids. At the time, 
however, conditions were such that in order to keep the laborers con- 
_ stantly employed it was found necessary to carry on the mixing at 
two different places. No fine material being available at one of these 
points, a mixture similar to that described in Experiment No. 1 was 
the best that could be obtained. At the other mixing plant the 
same formula was employed, with the exception that stone from 
# inch to dust was substituted for that running from ? to } inch. 
Alternate loads of the mixtures were applied to the road. Other- 
_ wise the experiment was identical to No. 1. 
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Three hundred and ninety feet by 23 feet and 109 feet by 19 feet of 
road surface was constructed in this manner, giving a total of 1,226 
square yards. The binder consumed amounted to 0.54 gallon per 
square yard, as in Experiment No. 1. 


EXPERIMENT No. 3.—ASPHALTIC PREPARATION. 


This experiment was in every way similar to Nos. 1 and 2, excepting 
that all of the bituminous mixture was made up in the proportion of 
960 pounds 14 to # inch stone to 350 pounds ? inch to dust to 5 gallons 
of bitumen. The stone running from $ inch to dust was used just 
as it came from the crusher. Shortly after consolidation a number 
of weak spots developed in all three of these sections and had to be 
patched with hot bitumen. ‘This raised the total cost of each 0.99 
cent per square yard. 

A section 479 feet in length by 20 feet in width was treated in this 
experiment, giving a total of 1,064 square yards. The same amount 
of binder per square yard was consumed as in the preceding experi- 
ments. 

EXPERIMENT No. 4.—ASPHALTIC PREPARATION. 


Instead of a surface application of stone screenings as in Experi- 
ment No. 3, a coating of tarred sand was applied in this trial section 
in a quantity sufficient to fill the surface voids and produce a surface 
somewhat resembling sheet asphalt. Refined coal tar was used for 
this purpose and both it and the sand were heated before use. The 
additional cost of labor and material amounted to 5.86 cents per 
square yard; but the general appearance of the street was greatly 
improved, and it is believed that this surface will prove to be more 


water resistant and of better wearing quality than that produced in 4 


Experiment No. 3. 

A section 93 feet in length and 20 feet in-width was treated in this 
manner. The total area covered amounted to 207 square yards. A 
mixture of 0.5 gallon of asphaltic preparation and 0.18 gallon of tar 
was used upon every square yard so treated. 


EXPERIMENT No. 5.—ASPHALTIC PREPARATION. 


This section of road was treated like No. 3, with the exception that 
a flush coat of the hot asphaltic preparation was applied to the bitu- — 


men-covered .surface before spreading the stone chips. This was 
done by pouring the material from buckets and while hot sweeping it 
into the surface with stiff long-handled brooms. Somewhat similar 
results could have been obtained with less bitumen by painting it upon 


the surface, but the other method was used in order to make sure that. — 


the voids were filled as completely as possible. An increase of 1.12 
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Ber square Mesa thus occurred, and the cost, including that of 
esr. ‘and material, was raised 17.12 cents per square yard. 

r os section 98 feet in length and averaging 204 feet in width was 
sated in this manner, the total area covered being 223 sauare yards. 


Experiment No. 6.—AsSeHALTIC PREPARATION. 


_ This experiment was similar in every respect to No. 5, with the 

exception that a flush coat of the hot refined coal tar was applied | 

instead of the asphaltic preparation. 

ms A section 33 feet in length and 24 feet in width, giving an area of 

88 square yards, was treated in this manner, 0.54 gallon of asphaltic — 

_ Preparation and 1.14 gallons of coal tar Kéthe consumed per square 
yard. 


Experiment No. 7.—ASPHALTIC PREPARATION. 


On account of the patching which was required in Experiments 
Nos. 1, 2, and 3, it was thought advisable to construct a section in 
the same manner as No. 3 with the addition of more bitumen. Six 
gallons was therefore substituted for 5 gallons in the formula for 
_ Experiment No. 3. The results were more satisfactory, as no patch- 
_ ing was afterwards required. The cost per square yard was, how- 
ever, raised 1.24 cents. 

A section 232 feet in length and 24 feet in width was thus treated. 
_ The total area covered was 618 square yards, and 0.71 gallon of as- 
Bp sitio preparation was applied per square yard. 





EXPERIMENT No. 8.—ReEsIDUAL OW. 


This experiment was similar to No. 7, excepting that the semi- 
_ asphaltic residual oil was employed in place of the asphaltic prepara- 
tion. After construction the road was not quite so firm as the surface 
produced with the asphaltic preparation, owing to the lubricating 
properties of the oil. The surface was somewhat roughened by 
horses’ hoofs, but otherwise appeared fairly satisfactory. 

The section treated was 74 feet in length and 23 feet in width, or an 
area of 189 square yards. The oil consumed per square yard 
amounted to 0.79 gallon. 

















Experment No. 9.—Rerinep Warer-Gas Tar. 


In this experiment refined water-gas tar was used in the same 
‘manner and in approximately the same quantity as was described in 
kperiments Nos. 7 and 8 for the asphaltic preparation and oil. The 
resulting road was similar to that obtained from the use of the 
asphaltic preparation. 

_ Ninety-three feet of roadway 25 feet wide, giving an area of 258 
square yards, was treated in this manner, and 0.81 gallon of tar per 
square yard was consumed. 
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EXPERIMENT No. 10.—REFINED WATER-GAS TAR. 


In this experiment the road was constructed as in Experiment No. 
9, except that a coating of tarred sand was substituted for the top. 


dressing of stone chips. The finished surface was similar to that — 


described in Experiment No. 4 and resembled sheet asphalt. The 
same kind and quantity of sand and tar were used as in Experiment 
No. 4. 

A section 326 feet in length and 24 feet in width, giving an area of 
869 square yards, was treated in this manner. A total of 0.81 gallon 
of refined water-gas tar and 0.18 gallon of refined coal tar per square 
-yard was consumed in this experiment. 


EXPERIMENT No. 11.—Mo.uasses-Or.-Lime. 


For this experiment a section of Summit street running north 
from Bellevue street, and varying from a 4.3 to an 8 per cent grade, 
was selected. While subject to less traffic than Cabot street, it was 
badly in need of resurfacing and the same general method of preparing 
the base was therefore followed. The binding material for the upper 
course was composed of a mixture of molasses, oil, and lime. 

In certain sections of the country considerable quantities of waste 
molasses or blackstrap are produced in the manufacture of sugar. 
This material has but few uses and is therefore sold at a low figure in 
the neighborhood of the sugar refineries where it is produced. It is of 
an exceedingly sticky nature and when combined with quicklime 
produces calcium sucrate, which upon standing sets into a dense, 
sticky cement. This cement is somewhat soluble in water and for 
this reason can not in its natural state be used in localities subjected 
to frequent rains. An attempt was therefore made to waterproof it 
by the addition of a semiasphaltic oil with which it would be emulsified 
for the time being. From laboratory experiments a combination of 
these materials was devised which gave indications of suitability as a 
road binder. As the policy of the Office has always been to further 
the use of local products in the construction and treatment of local 
roads whenever possible, it was thought worth while to construct a 
short experimental section of road, using this material as a binder in 
order to determine its practical value. In the neighborhood of 
Boston, blackstrap molasses is sold at a very much higher figure than 
in localities near where it is produced, so that the cost of construction 
of this section of road was much greater than it would be in those 
localities. 

The binder was prepared in a large mortar box by first slaking 320 
pounds of quicklime with 108 gallons of water. As soon as the lime 


was completely slaked, 92 gallons of molasses was added and thor- 
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_ oughly mixed with it, after which 50 gallons of the semiasphaltic oil 
_ was stirred in. While the preparation was still hot it was mixed 
with the graded stone in the same manner as has been described for 
the bituminous mixtures, except that in this case the stone was not 
first heated. Eighteen gallons was applied to every 1,310 pounds of 
stone, and the concrete thus produced was hauled to the road and 
laid as soon after mixing as possible. When rolled it produced a firm 
and resilient surface upon which heavily loaded teams produced no 
wheel marks one-half hour after it had been laid. Under the action 
of the roller a small portion of the oil came to the surface, so that a 
light application of stone chips was required to put the surface in 
- good condition. 

| The section treated was 351 fate: in length, 186 feet of which was 
174 feet wide and 165 feet 13 feet wide. The total area covered was 
600 square yards, and 0.92 gallon of molasses, 0.5 gallon of oil, and 
3.2 pounds of lime per square yard was used. The labor item was 
exceedingly high in this experiment because of the inexperience of 
the workmen in preparing and handling the material. The cost of 
molasses was figured at 11 cents per gallon and of lime at 60 cents per 
100 pounds. 


SUMMARY OF EXPERIMENTS CONDUCTED AT NEWTON, MASS. 


Besides the experiments already described, one other was made 
' on Cabot street, in which sand was used and covered with a very 
weak preparation of lime and molasses as a top dressing. This 
experiment proved a failure, and its description and cost are therefore 
not included in this report. : 

After three months’ wear all of the sections which have been 
described are in good.condition, so that it is impossible to compare 
them satisfactorily. If any comparison were made, however, those 
sections covered with tarred sand seem to be best, and that con- 
structed with oil as a binder not quite so satisfactory as the others. 
_ After a winter’s wear, the defects in the least satisfactory sections 
should become apparent, but among those which are in good condition 
at the beginning of spring it is possible that a much longer time will 
be required before a choice can be made. In regard to this, as well as 
all other work of an experimental character, it may be said that the 
cost was greater than that which would be involved in the construc- 
tion of long stretches of road where the work could be arranged and 
carried out more systematically. Table 3 gives in condensed form 
the cost data of all of the experiments described. 
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TABLE 3.—Cost data of experiments at Newton, Mass. is 
ke AS 
~ l = <7 ys ae 
Labor per square ie 
experi- . ards : No.1 | Graded | Sereen- | ong ie a 
ment Binder applied. a3 ee bet | stone per | Seas square | 
ai) quare square | square yard. 
On road. | Mixing. yard. yard. yard. 
Cents. Cents. Cents. Cents. Cents. Cents. 
1 |} Asphaltic preparation. -.......-..-. 20. 23 6.76 4. 46 5. 40 1; 00.22.88 3enee 
De Eee COR ee gel eer eee Seer 20. 23 6. 76 4, 46 5. 40 1.00] eee 
i) eee CO SG eon oe eae eee 20. 23 6. 76 4. 46 5. 40 1:00). 223 = Se 
4 | Asphaltic preparation and coal- 
Garrad sand. ota se) Senate 23. 10 9. 69 4, 46 5. 40) lesa ee 0. 64 
5 | Asphaltic preparation with flush 
coat of same material. ......... 23. 59 6.76 4. 46 5. 40 1,005): eae 
6 | Asphaltic preparation with flush 
Goat OL.coplitards-.. 5-42-46 oes 26. 48 6.76 4, 46 5. 40 1. 00/).3..3eeee 
7 | Asphaltic preparation..........-. 20. 23 6. 76 4. 46 5. 40 1. 00: eo eee 
SW OSGi al Oil eee coe cee eee 20. 23 8.73 4. 46 5. 40 4,00.) Bee xy ¥ 
OMieWialer-Cas Taree ooo et See 20. 23 8.14 4, 46 5. 40 100 [2 - eee 
10 | Water-gas tar and coal-tarred 
SHILA ete 2 ee ee ee ee ee 23. 10 11. 07 4. 46 5. 40 7 one . 64 
11 | Oil, lime, and molasses mixture. . 26. 96 9. 02 Qt 7.01 92 4}. ae eee 
Mi Total cost. 
Experi- | Binder per lecall any Patching A 
ment Binder applied. square sis per square 
No. yard. non a yard. Per square| Entire 
eat yard. section. 
Cents. ’ Cents. Cents. Cents. Dollars. 
1 | Asphaltic preparation............ 6. 97 Vat 0.99 46. 92 266. 04 
2 lege MOSS: Gee eee et see 6. 97 lego hi .99 46. 92 578. 05 
Soleo tO eRe Sona ae A Oe 6. 97 Naki: .99 46. 92 499. 23 
4 | Asphaitic preparation and coal- 
EXTER Sandee Se eee OL ces oe es 8. 38 ye Us Ae ee 52s 7 109. 25 
5 | Asphaltic preparation with flush 
coat of same material........... 21.72 eal Dia oe Ce nee 64. 04 142. 81 
6 | Asphaltic preparation with flush 
COAUONCOR Tar...) ee ee eee es 16. 06 Na i a ae ee 61. 27 53. 92 
7 | Asphaltic preparation............ 9. 20 fea hd fen ES es 4 48.16 298. 11 
Sahesiaualvol =: wae ee eee 6.35 Lat hohe eee 47.28 89. 36 
GTI SW aber-2as tare). . 2.3 5. 2. . Bee 6. 21 hE ee oe ee 46. 55 120. 16 
10 | Water-gas tar and coal-tarred ; 
Sandee Sceeete eh ceore, Fy eee Pee 7. 62 Lee ae ee 53. 40 183. 70 
11 | Oil, lime, and molasses mixture. . 14. 57 DE Dd esse ee fee 62. 34 374. 04 
Totales see 2... nek. cab dae | OR a Sone ee ale eee ee 2,714. 61 











EXPERIMENT AT INDEPENDENCE, KANS., IN 1908. 


. 


EARTH—ASPHALT. 


In this experiment an attempt was made to construct an earth- 
asphalt road with an artificial asphalt preparation having the following 
properties: 


Bpaciuc eraviby: 20° C./25° CO. . o) ak ee ee 0. 981 
Penetration 77° IF’. (25° C:) No. 2.N, 5:sec:, 100 ems:......, 2b. 7. ch. oe 257. 00 
Reese oi 100° 0.) aiter,5, HOUrsic ra. «vs ee reee wor see per cent. . | “0/0 
Loe ata2p i: (L63— 9.0, afters howe sf: 2.22. fees? 0) ee dailies . 20 
Tosa at 400° IF, (204+-° C.) after 7 hours...) 22. o8it tee ae do: 2) ee 
MMOUG 9"). So. oe $. Us tee Atel. a Soe eee ee do... ..», 98, 99 





a 'The residue was practically the same as the original material. 
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Semen CO, total bitumen. §)2226. 4s. ee eee percent.. 99.62 








Organic matter insoluble in OS,...................- Reo yaeed tt gy Des 7 Be’ uosase pis 
AT SE EEC Os TT Ra a ee ane ee en do.... “ae 
EEE eer ied Peer tee Mae oe el. STL ed Lk do.... 100.00 
LOS Se Dots: 0. 00 
Se OU MON Gias feet e lee elk eek. do.... @20. 26 


This material was used at the request of the manufacturers. A 
more suitable product could have been obtained by cutting it with 
crude oil or with a volatile distillate in sufficient quantity to insure a 
proper absorption by and better mixing with the soil. 

Tonopah street, running the length of two city blocks, and Minne- 
haha street, for three blocks adjoining it, were selected for this experi- 
ment.. A treatment of some sort was most urgently required, as 
these streets were almost impassable during winter weather. 
Tonopah street for a length of 300 feet was composed of a slate- 
colored gumbo which proved very difficult to work. The remaining 
500 feet consisted of a buckshot clay which pulverized rather easily. 
With the exception of a few spots of gumbo, Minnehaha street was 
composed of disintegrated shale and argillaceous sandstone. Before 
treatment both streets were graded by city contract and this cost 
is not included in that of the experiment. 

The artificial asphalt was furnished free of charge by the manu- 
facturers at their plant, about three-fourths of a mile distant from 
the road. It was delivered at a temperature of about 400° F. and 
run into a tank wagon made by mounting a small boiler, 8 feet in 
length by 4 feet in diameter, upon a farm wagon. In this way no 
expense was incurred for heating. The material was sprinkled upon 
the road at a temperature of about 350° F. by means of a 3-inch gas 
pipe 6 feet long with one row of one-half inch holes bored at a dis- 
tance of 14 inches from each other, and two rows of one-fourth inch 
holes similarly spaced. This device was fitted to the outlet of the 
boiler and rested about one foot above the surface of the road and at 
right angles to its length. Considerable difficulty was experienced in 
keeping the holes from becoming clogged, even when the outlet valve 
was wide open. 

The road was plowed to a depth of 6 inches and the earth pulverized 
as completely as possible with a disk harrow and plank drag. It was 
found impossible, however, to pulverize the gumbo satisfactorily. 
The asphalt was applied at the rate of three-fourths of a gallon per 
square yard, after which the road was well harrowed and more 
asphalt applied as before. The road was again well harrowed and 
the earth and asphalt moved back and forth across the road with a 








a Per cent total bitumen, 20.34. 
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grader, this method of mixing proving most satisfactory of any that 
was tried. The road was then plowed to a depth of about 5 inches, 


pulverized, and asphalt applied and mixed as before, after which 


water was put on until the road became quite muddy. Mixing was 
continued for some time with the road grader and disk harrow. An 
attempt was made at this point to use a tamping roller for mixing, 
but this had to be abandoned, as the spaces between the teeth became 
completely filled by the time it had traveled 300 feet. The road was 
left in this condition until it became fairly well dried out, when the 


tamping roller was tried again. A hard crust had formed on the 


surface of the section of gumbo and very little good was derived from 
-tamping. The road was then shaped and rolled with an ordinary 
roller. It was found that the asphalt was not readily absorbed by 
the soil. Recent heavy rains, however, caused a finished portion of 
the road to become fairly muddy and traffic then seemed to produce 
an excellent mixing, so that in time the road may improve. The 
cost data for the 5,218 square yards constructed will be found in 
Table 4. 


TABLE 4.—Cost data of earth-asphalt road, Independence, Kans. 





| 
Total Cost per Total Cost per 

















Item. square {ten square 
cost. yard. 1s cost. yard. 
Preparing road forasphalt....| $29.00 | $0. 00556 || Loading and unloading roller.| . $6.00 | $0.00115 
Applying asphalt............- 50. 20 SO096ZUI A Sp halt Gree ene ue eee 1,243. 95 . 23840 
Mixing On roadie. fs. yl9 abe. 83. 20 . 01595 ee 
Tamping and rolling..-...-.. 43. 40 . 00831 Totala: oe Soe eee 1, 474.15 . 28251 
Sprinkling with water........ k 18. 40 - 00352 








«2 The cost of the ee nsltn was estimated at $20 ber ton, and for this purpose the weight per gallon at tem- 
peratures 410° F. to 440° F. was calculated at 74 pounds. The amount of asphalt per square yard at the 
temperature applied was 3.18 gallons, or at 60° F. was 2.98 gallons. At the latter temperature 1 gallon of the 
asphalt was found to weigh 8 pounds. 


EXPERIMENTS AT BIRMINGHAM, ALA., IN 1908. 
TAR-SLAG, TARRED SLAG, AND TARRED SLAG-LIMESTONE. 


All experiments at Birmingham, Ala., were made on a road known 
as the Duck Pond road. This is the shortest route from Birmingham 
to Ensley, and the road is subjected to a very heavy traffic of drays 
and automobiles. In these experiments the old road was entirely 
reconstructed. <A 24-foot tar-treated macadam with 5-foot shoulders 
was built and the grades were reduced to less than 5 per cent. The 
materials employed were blast-furnace slag, limestone, and tar. 
The slag was produced at the neighboring town of Bessemer. It 
was hard and acidic in character and contained a large percentage 
of glass. The limestone was quarried and shipped from a point 
about 40 miles south of Birmingham. The tar was obtained from 
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a __ by-product coke-ovens and was produced at a low temperature. It 
had the properties given below: 


PES RET ts al le ae PR aR 1. 169 





mammcnmincal water, per cent by volume...........:..--........0000.0200.. Ser 
mementos to 170° C., percent by volume..-..........2.5.2...0.00020. 16.3 
mmndead Oils, 170°-270° C., per cent by volume......................-.. 30. 7 
Pitch residue by difference, per cent by volume....................-2..... 49.9 





TT epee eee ee Prey pws be LUI ts a cas le 100. 0 
Seiue..per cent Dy Weignb. oo. f. 0 . 2 le ee ee ee ae eee 55. 0 
Snes itt) Per Cent benzol, per.cent...0......-.:---2.5.-.--.--. 2 eee eee 6.7 


This was a crude coal tar, and when cold about three-fourths of 
both light oils and dead oils solidified. The pitch residue was dense, 
lustrous, and brittle at ordinary temperature. Had it been practi- 
cable to distill off the ammoniacal water and total light oils a much 
more suitable product would have been obtained for this kind of © 
work. 


EXPERIMENT No. 1.—TARRED SLAG-LIMESTONE MACADAM. 


In this experiment a section 750 feet in length was constructed in 
three courses. The first course was composed of slag as it comes 
from the pit, placed 54 inches deep at the center and 44 inches deep 
at the edges. After rolling, a second course of the same material was 
laid 44 inches deep at the center and 34 inches deep at the edges. 
This course was also rolled, after which slag screenings were applied 
and rolled in. It was noticed that the slag by itself did not bond 
even when rolled after a heavy rain. After the road had become 
thoroughly dry, the tar was heated in a 2-barrel kettle and applied at 
a temperature of about 175° F. It was poured over the surface at the 
rate of 1 gallon per square yard by means of common watering pots, 
fitted with fan-shaped nozzles. <A light course of limestone screen- 
ings was then spread over the tar to prevent it from sticking to the 
roller. The tarred surface was rolled until consolidated as well as 
possible. The lower courses, however, waved and tended to disrupt 
the surface bond if rolling was carried on for too long a time. 


EXPERIMENT No. 2.—TARRED SLAG-LIMESTONE MACADAM. 


For Experiment No. 2 a section 2,300 feet in length was selected. 
The first course was laid as in the previous experiment, but the 
second was composed of 1 to 14 inch crushed lmestone, placed 4 
inches deep at center and 3 inches deep at the edges. After being 
rolled, a third course of one-half to 1 inch crushed limestone was 
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applied to the depth of 1 inch and rolled until smooth. The tar was 


then applied as before. After standing for a few days, limestone 
screenings were applied and rolled in. 


EXPERIMENT No. 3.—TARRED SLAG MACADAM. 


In Experiment No. 3 a section 450 feet in length was treated in the 
same manner as in No. 1, except that the second course was com- 
posed of crushed slag which had passed a 14-inch screen and been 
retained by a 1-inch screen. This section required the same amount 
of slag screenings as the first and the immediate results were quite 
similar. Sections cut from this road showed that the tar had pene- 


trated for about 14 inches and that the voids in the lower courses 


had been well filled with fine material. 


EXPERIMENT No. 4.—TARRED SLAG MACADAM. 


Experiment No. 4 was made upon a section 900 feet in length, the 
first two courses of which were laid and rolled in the same manner as 
was described for No. 1. Tar was applied as before and slag screen- 
ings spread after the tar had stood for two or three days. As this 
was the last part of the road to be constructed, and as the weather 
conditions at that time were exceedingly unfavorable, it was found 
impossible to finish the section satisfactorily. A length of 175 feet 
of this section was treated, however, with a second application of tar 
at the rate of 0.51 gallon per square yard and produced better results. 


EXPERIMENT No. 5.—TAR-SLAG MACADAM. 


In Experiment No. 5 a section 100 feet in length was constructed 
in the same manner as in No. 3, with the exceptions that the second 
course was only one-half as thick and that a hot mixture of slag and 
tar was applied to the first course in sufficient quantity to bring the 
surface to the same grade as in the adjoining section. Slag screen- 
ings in the proportion of 25 per cent were added to the coarse slag 
while being mixed with the tar, and 16 gallons of tar was mixed with 
every cubic yard of slag. The tar and slag were both heated and 
mixed in a mastic kettle. Owing to the same conditions as have 
been described under Experiment No. 4, the results were not satis- 
factory. The cost data for these experiments will be found in 
Table 5. 
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TABLE 5.— Miscellaneous data of experiments at Birmingham, Ala. 
7 ‘ 
: Cost per | Cost per 
Cubic : Square B Total 
Item. cubie ‘. square 

yards. |, yard. | yards. ae diate SOs 
ee one onan wows wie a eae whe diss 20,876.3 | $0.2268 |.......... | $0. 395 | $4, 735. 74 
ET OSCR ite re Se cicee 25 fees dT 1s Sein. cioln o's wine] wate alnjaiciee «em ae ne s.« . 027 320. 60 
Slag placed on road ee and stone sections) Une 1,167.57 | 1.0000 6, 133 | .190 | 1,167.57 
emeeteusoed ON/TOAG ... 2-2... 5s eee 1,043.9 2. 2634 6, 133 . O88 | 2,362.58 
= tN meed on road (slag section).............-..-... 2, 918. 93 . 99932 5, 867 .497 | 2,916.95 
a ER Se TIS EE aa roe ee ae (Se a . 044 526. 60 
RE IS A SA ep res eee 12, 000 . 007 89. 52 
eeemioer, ronin:, and repairing machimery..../.....|...:-2..--|....2.2...|.5...20.-.. . 033 392. 00 
UCU SLO TR 5 a (ae | . 038 460. 04 
re eet Vac ere hey tery eda laches -Sh4RE-} Sw ccl[ese ceeds . 023 279. 50 
a a iE apes Pye hen Be al SU eee Se ne ne net 13, 251. 05 























a The average total cost per square yard was $1.10. 
b The number of gallons of tar applied was 13,700, at a cost of $0.0384 per gallon. 


EXPERIMENTS MADE AT GARDEN CITY, DODGE CITY, BUCKLIN, 
AND FORD, KANS., IN 1908 WITH SAND-CLAY. 


In the semiarid portions of Kansas and Nebraska there is an exten- 
sive area of sand hills. These hills are usually parallel to the rivers 
and vary in width from a few hundred yards to several miles. They 
are continually shifted by the winds, and hence road building in this 
region is a difficult problem. Good road material is scarce and the 
country is sparsely settled. In many localities there are no road 
materials except an alkali soil, gvpsum clay, or a gumbo-like sedimen- 


tary clay. 
EXPERIMENT AT GARDEN CITY, KANS. 


At this point sand hills run parallel to the Arkansas River on the 
south side and form a strip nearly 7 miles wide. A careful inspection 
of the vicinity revealed no available road material except occasional 
deposits of gypsum clay distributed irregularly across the sandy belt. 
From two of these deposits was taken the material used in the con- 
struction of the road at this place. The first pit was opened about 
900 feet east of the road and the other near the roadside. From the 
first pit 68 cubic yards was hauled, but it was then abandoned because 
of the distance of haul and because the clay showed a lack of binding 
power. The road was completed with material from the second pit. 
The farther down in the pit the stickier was the clay and the better it 
compacted after the addition of sand. 

The problem to be solved in this case was the best method of hand- 
ling the local material, gypsum clay, so as to produce a road with a 
wearing surface capable of resisting the action of the constant winds, 
which are generally from the south. For this experiment a section of 
road 765 feet long, situated on the slope of a sand hill, was selected. 
The clay was hauled directly upon the road, down the center of 
which a width of 12 feet had been staked. The clay covermg was 
[Cir: 90] 





spread to a depth of about 9 inches immediately after it had been 
dropped on the road. The clay was hauled over the loads previously 
depositéd and all holes so made were filled at once. Traffic was — 
allowed upon it and this compacted the clay firmly. During the time 
of hauling the clay no rain fell, but after the hauling was completed 
a heavy rain soaked the clay and the road was finished as follows: 
While the road was wet a spike-toothed harrow was put on and the 
clay completely pulverized. Then five furrows were backfurrowed — 
on each side of the clay, thus raising the sand shoulders above the 
clay center. A split-log drag was now put on the road and the sand 

_ thus raised by plowing was pulled from the shoulders upon the clay 
and thoroughly incorporated. The road was then smoothed and left — 
for travel. 

While the construction of this road followed closely the ordinary 
method of sand-clay construction, still there were some variations, 
owing to the peculiar conditions to be met, as has already been 
explained. It was believed that a surface was necessary which would 
resist the occasional heavy showers incident to this climate and at 
the same time the action of the winds. Therefore the clay having 
the greatest tenacity was selected. Because of the dryness of the 
climate it was deemed best to proportion the clay far in excess of the 
sand. While the clays available may not be altogether desirable, still 
any clay that will pack under traffic will improve greatly the heavy 
sands found in this locality. 

The cost data of this experiment follow, and also the miscellaneous 
details of all four sand-clay experiments (Table 6). 


Mirippingiclay: in pit. ast ee eae, Ce ee ee $7.17 
Plowinoaipiclay in-pitie ob ce oie en 10. 50 
Loading clay into wagons.......... go the et ae ae 33. 00 
Manling clay’ to Toad oir Sie ere es Oo te ce ee ee 39. 50 
Spreading clayyon roads. 2 Vlei ese a ete ae ee 10. 00 
Sanding, harrowing, and finishing road J:...--..-.--3-..01...-2 7) ee 
Cost of clay on road per, Cubic arde:  s42 fist eee eee . 40 
Cost per square yard. of part.clayed =. 5. 0000 4. oa oe . 10 
Rabe Pervmiless a oy cl pee we eee Lee nee ees ee 707. 45 


TABLE 6.— Miscellaneous data of sand-clay experiments. 


Length of| Entire | Widthof|Depthof| Clay 
Place. road |widthof| clayed | clay |hauledto| SUtiace 











treated. | road. part. layer. | road. | Clayed. 

; Feet. Fee. Feet. Inches. | Cu. yds. | Sq. yds. 
GalGennOlivecers eer cet con ee eee 765 30 12 9 256 1, 020. 
IDOTSOOM Ye eee cen ecw sre we eek ee tse g 9, 750 30 14 aii 3,703 15, 167 
BUCK CARS oe Chen eae oe en ee 4,271 30 14 12 1,883 6, 644 
Tish RC Sle SW cee 2 Sal esha ete 350 30 | 16 13 179 622 


a Depth of clay and sand. 
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EXPERIMENT AT DODGE CITY, KANS. 





_ The same natural conditions exist here as at Garden City, and the 

sand hills are on the same side of the river, though only 2 miles wide. 
A section of the road leading to Mineola, Kans., was selected, and 
after the work was started the citizens became much interested and 
urged that the entire 2 miles be hard surfaced. This was done. 

The general plan of construction at this place was similar to that 
at Garden City. A deposit of clay was found near the middle of the 
section to be improved, formed from silt from an old irrigation ditch 
nolongerinuse. The water had been allowed to run into a large basin, 
and about 4 acres were covered to a depth of 18 inches with this fine 
silt. It had thoroughly dried out, so that when plowed up it was in 
excellent shape for handling with shovels. This material was almost 
gritless and became very sticky when wet. Although this may be 
regarded as an unusual condition in this locality, nevertheless re- 
sults may prove it expedient to use a river silt for road purposes in 
other irrigation districts when practicable. If this material had not 
been found the road would have cost fully 50 per cent more. 

The entire roadway was 30 feet wide. In the center of this a 14- 
foot track for clay was laid out by plowing two furrows 14 feet apart. 
The dirt was thrown out toward the side gutters. Beginning at the 
middle, thé 14-foot part was plowed by backfurrowing the dirt 
toward the center. This formed a crown in the middle of the part 
to be clayed. Next, this was harrowed and the subgrade completed 
with a small grader. The shoulders were then made by running a 
furrow outside the subgrade and backing up the first furrow on each 
side. Two more such furrows were run, and in this way the shoulders 
were formed at least 10 inches higher than the subgrade. If the cross 
section is level, a toothed harrow is excellent to prepare the subgrade 
after it has been plowed as has been described above. When it is 
necessary to move material from one side to the other, or to carry 
material along in the subgrade, a 2-horse grader will be found useful. 

After the subgrade had been prepared the clay was hauled and 
dropped three loads abreast. The center loads followed the center 
line exactly, and to this end a line of center stakes was set 200 or 300 
feet in advance of the clay hauling. It was then an easy matter to 
drop the side loads properly. It is best to keep the center loads 30 
- to 50 feet in advance of the side loads. In this way three teams may 
be kept busy at the same time. In order to get a sufficient sand 
covering upon the road, drag scrapers were used and sand hauled 
from beyond the borders of the roadway. It was then spread with a 
harrow and a 2-horse grader evenly over the road and mixed with the 
dust and fine particles of clay. After a rain the sand was quickly in- 
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corporated with the clay. Still more sand was evidently needed, and _ 


this was harrowed into the clay as the mass dried and packed under 


travel. Finally, a large grader was used to shape the road. 

As has been stated above, the clay at this place was rather more 
of an accident than a natural condition of wide extent; still it is of 
sufficient importance to justify a careful study of its behavior on the 
road. It would be an easy matter to provide settling basins along 
irrigation canals where this fine silt could be collected, and after the 
water had been shut off the clay thus deposited could be hauled upon 
the road. In this way large quantities of material could be provided, 
_and if its use proves as valuable as indications seem to show, much 
good may be expected from this source in the improvement of heavy 
sand roads along irrigation ditches. In this experiment the silt com- 
bined readily with the sand when wet and held it firmly. The addi- 
tion of sand took away its sticky qualities. 

The cost data of this experiment follow: 


Moreman Tor WOW tia ya.) Ss cee eee ae tee ee ee $51. 50 
Excavation (2,039 Cubic yards)... sees eet eats a ee 396. 69 
Shaping subsrades 7250 Vic Yeas Se tees we ee oe ee 70. 00 
Plowing wp clay! pode 0 de 6 OEE aye eae a 54. 875 
fLoading claycimtotwagons: ii3i eto. a see | wider he Pe 470. 00 
qauling clayifo 20a 4.6 eect ec poe eh ee eee ae 608. 38 
Bpreading Clay On Toad.) cep. eek) eee ee, ee . 93. 00 
Harrowing and) mixing clay and/sand<” -0)- =e) 452) eee 6. 00 
Sanding road and building shoulders... 20 7...2.5...2....22 107. 685 
Dressing road swith graderiig@enti ier ta eu er Oey oF eee 27.00 — 
Weorkon bridges:timbers eterac. Ber iehat elk a he: edt aaah 59. 53 
Repairs, water boy, and sundries... 2h yen: kl: aan wee 52. 75 
Cost perjsaquare yard of part.clayed. 20 ........407+ 42-22 aoe . 1388 
FAL Pergo. oo) eee eee oe ee Sin ie Le ea 1, 135. 83 


EXPERIMENT AT BUCKLIN, KANS. 


For this experiment a portion of the road leading from Bucklin to 
Spearville was selected. It was on, the south side of the Arkansas 
River, as in the preceding cases. The general plan of construction 
was identical with that used at Dodge City, but the clay was of a dif- 
ferent quality. At the south end of the road a clay was used which. 
proved to be a kind of buckshot. It hardened well, although the sur- 
face appeared to be of a loamy character and blistered badly at first, 
though later it packed and gave promise of durability. After remov- — 
ing the surface of the clay pit to a depth of 12 inches the character of 
the clay changed materially and it promised to be an excellent road ma- 
terial. At first it was feared that it might lack the necessary binding 
power, but as it was the only material within a mile of the road its 
use was begun as an experiment. When the pit was lowered 30 inches 
the clay became excellent in quality. This pit was located at the 

[Cir. 90} ¢ 






Le 





highest point on the road and its use proved a great economy because 

of the ease of haul. From a place near the other end of the road an 

alkali clay was hauled upon the sand at that end. A section 6,771 

feet long was laid out and plowed and the subgrade shaped ready for 

theclay. Of this distance, a section 4,271 feet long was improved and 

a section of 2,500 feet left to be improved by the community. 
Following are the cost data of this experiment: 


ITT Gy eeree Reman el. ee oe eee $50. 00 
femomvaiion (1,584 cubic yards): 2: .i2osfos1.)h. 2.6. 224. 07 
Rene CPA Gre, Bee MY eadie Ke tu). le ae 8 32437 
TTS ROMANE Si TAYE De og ae A 16. 75 
IRL AS, INLEO VAIOD Sg oe al sles ssl ae ans so ian an 2 235. 75 
MRC LAVE CY LORRY arta TON Nu eI iS A ee ee a ole sw eae 304. 875 
(SI HE SAGE REG ba a ee ae ge ea 44. 625 
Per Cle eset pe r eee. IMIER OL Lek ek 40. 92 
Reaupenciuare yard.of part clayed.i2. $5.6 5.2.225.0.--..... .14 
ee TEPC TESTES SS SERB LAs ae 22) a er 1, 183. 64 


EXPERIMENT AT FORD, KANS. 


At Ford a short section forming the south approach to the bridge 
crossing the Arkansas River was graded and clay added. This was 
really a matter of grading an incline to the bridge, but as the material 
for the approach was sand it was necessary to form a hard top sur- 
face. This was done by adding clay. The material was gotten from 
a valley basin where clay had settled. The section of road treated 
was 350 feet long, and a bed of clay 16 feet wide and about 12 inches 
deep was put on. The surface was then covered with sand 2 inches 
deep and left for traffic to mix. It was frozen hard when placed on 
the road. . 

Some of the cost details follow: 


SemenOry ANG WiGehINe Toad ashes ye. bipcet dined ae oe $17. 25 
Plowing, loading, and hauling clay.................--. Pea an 10. 50 
ICS Ed TRS RAGE a og A Gia, NIG ht ee Oe ee 8. 00 
(Tamara el EAR ls pea td nein UF orgy Rea RE Ne Tal fe a Sa 8. 00 
BEL LVLOACE Witik STAN CL a tat 62. Pe Sete eye le ike, ee . 50 
En CREME CI Ie GTcdts 1s, tar. fo). eat ee dee fdas 104, 25 


FURTHER REPORT OF EXPERIMENTS MADE AT WAYLAND, 
MASS.,IN 1807 WITH CRUDE TAR, TAR PREPARATIONS, AND OIL 
EMULSIONS. 


‘These experiments are described in Circular 89, published in March, 
1908. Thirteen experiments were made with water-gas tar, crude coal 
tar, and refined coal tar, and two with semiasphaltic oil emulsions. 
In all experiments but one, surface applications of the materials were 
made. The treated sections were last inspected in September, 1908, 
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about thirteen months after treatment. It should be noted that the 
winter of 1907-8 was a most severe one from the standpoint of road 
work, the ground being subjected to numerous and rapid freezings 
and thawings. 


EXPERIMENTS NOS. 1, 2, 3, AND 4—WATER-GAS TAR. 


All four of the sections treated with this material appeared about 
the same when inspected. The tar had disappeared from the road 
surface to a great extent, although the sections were in moderately 
good condition and fairly free from dust. These experiments have 
‘demonstrated that crude water-gas tar is valuable only as a temporary ~ 
binder, and that the most satisfactory and at the same time most 
economical results can best be obtained by sprinkling the road with 
light applications whenever the dust becomes excessive. 


EXPERIMENTS NOS. 5, 6, AND 7—CRUDE COAL TAR. 


On the sections painted with crude coal tar, Experiments Nos. 5 
and 6 were in fair condition. The tar had disappeared from some 
places and the road looked patchy. There was little dust, however, 
on these sections. The section similarly treated in Experiment No. 
7 was in a much worse condition, although better than before treat- 
ment. It was located in the center of the town, where traffic condi- 
tions were more severe than on the other sections. Much of the tar 
had disappeared from the center of the street. It was somewhat 
dusty, and on the whole not very satisfactory. It was found neces- 
sary to make repairs on this section during the winter on account of 
heaving of the surface caused by freezing. 


EXPERIMENTS NOS. 8, 9, AND 10—-WATER-GAS TAR AND COAL TAR. 


The results of Experiment No. 8 were in every way similar to Nos. 
5 and 6. In this experiment separate applications of water-gas tar 
and coal tar had been made, though no additional benefit resulted 
from the use of the water-gas tar. In Experiments Nos. 9 and 10 a 
mixture of coal tar and water-gas tar had been applied cold, pea 
stone being used as a surface dressing for No. 9 and gravel for No. 
10. At the time of inspection No. 9 was in slightly better condition 
than No. 10, although much of the tar had disappeared from both 
sections. These sections were, however, quite free from dust. It is 
evident that a mixture of this sort may be considered as a semiperma- 
nent binder, giving nearly as good results as crude coal tar and having 
the advantage of suitability for cold application. . 
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EXPERIMENT NO. 11—SPECIAL TAR MIXTURE. 


The section treated with this material, while subjected to the same 
conditions as No. 7, was in somewhat better shape, although by no 
means satisfactory. It was not free from dust when inspected, but 
was in much better condition than before treatment. No repairs were 
required on this section during the winter, although No. 7, adjoining 
it, had to be patched. 





EXPERIMENTS NOS. 12 AND 13—SPECIAL TAR PREPARATION. 


In Experiment No. 12 a section of road was resurfaced and the tar 
preparation applied according to the penetration method. This sec- 
tion was in almost perfect condition when inspected, being well 
bonded, nonslippery, and dustless. On the whole, this was the most 
satisfactory experiment made. 

In Experiment No. 13 the same preparation was applied to the 
surface of a section of road already in good condition. With the 
exception of Experiment No. 12, it appeared at the time of inspection 
better than any of the others, being firm and dustless. A few spots, 
however, showed signs of disintegration, which will probably spread 
rapidly unless repaired. 

From these experiments it is evident that a properly refined coal 
tar is to be greatly preferred to a crude tar. In the experiments 
reviewed the more lasting results obtained from the former may be 
accounted for mainly by the absence of ammoniacal liquor and the 
lower percentage of naphthalene and free carbon, as shown by analy- 
sis. In regard to all of these experiments, it may be said that the 
test was a most severe one, as explained in Circular 89, and that had 
conditions been normal much better results would have been obtained 
from those experiments which proved the least successful. 


EXPERIMENTS WITH OIL EMULSIONS. 


Two semiasphaltic petroleum emulsions were used as temporary 
binders in these experiments, and the method of application was 
described in Circular 89. On the section treated with emulsion No. 1 
no residue could be discovered at the time of inspection, but traces 
of the oil were apparent on the section treated with emulsion No. 2. 
It was reported by residents along these sections that the road 
remained free from dust for eight months, which was very satisfac- 
tory, considering the amount of material applied. 
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FURTHER REPORT ON EXPERIMENTS MADE AT WASHINGTON, 
D. C., IN 1907 WITH CALCIUM CHLORIDE. 


A report of this experiment will be found in Circular 89. Solu- 
tions of calcium chloride were sprinkled upon a trap macadam cov- 
ered with a soft, dust-producing limestone binder. Three applications 
were made during the summer, and the salt retained by the road sur- 
face occasionally fed with water. The results were, of course, only 
temporary, but the dust was well laid and raveling prevented. No 
visible effect is apparent at the present time, as the road has since ~ 
_ been resurfaced. 


‘FURTHER REPORT ON EXPERIMENTS MADE AT BOWLING GREEN, 
KY., IN 1907 WITH ROCK ASPHALT, CRUDE OIL, AND A SPECIAL 
OIL PREPARATION. 


A full report of these experiments will be found in Circular 89. 
The materials used were Kentucky rock asphalt, crude Kentucky 
petroleum, and a specially prepared residual oil. The results of an 
inspection made in January, 1909, are given below. 


ROCK-ASPHALT EXPERIMENT. 


In this experiment the rock asphalt was used as a binder and to fill 
the voids of a fresh macadam surface. It was first inspected after a 
light shower and found to have kept the water from the foundation 
very well, as evidenced by its damp surface in comparison with that 
of an untreated section adjoining, which had absorbed the water and 
already become dusty. A small quantity of loose material appeared 
on the surface, but this had evidently been tracked on from the 
untreated section. The entire road was smooth, free from ruts, and 
in only two small places could the underlying limestone be seen. 
These places were, however, just as well bonded as the rest of the 
surface and in no way inferior to it. On one side of the road the 
shoulder had settled slightly, leaving a raw edge open to attack from 
traffic and wash. By raising and consolidating this shoulder the 
road could be put in almost perfect condition. 


OIL EXPERIMENTS. 


The section treated with the residual oil had been, through mis- 
take, completely covered with gravel shortly after its application, 
and no result whatever was obtained from its use. As in the Jackson, 
Tenn., experiment, the use of crude oil on both gravel and macadam 
roads proved to be of only temporary effect. No trace of the oil 
was apparent at the time of inspection, but, according to a state- 
ment. made by the city engineer, the amount of dust on these roads 


in comparison with untreated roads was perceptibly lessened until 
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q i the latter part of the summer. It might be noted that as a result 
_ of these experiments the city of Bowling Green has, during the past 
summer, treated nearly all of its streets with oil. and considers the 





work satisfactory. 


FURTHER REPORT ON EXPERIMENTS MADE AT JACKSON, TENN., 
IN 1905 WITH TARS AND OILS. 


The original report of these experiments will be found in Circular 


q _ 47, published in May, 1906, and a report of the condition of the sec- 


_ tions when inspected in February, 1908, in Circular 89. When last 


inspected, in January, 1909, the following results were reported: 


TAR EXPERIMENTS. 


Of the city streets treated with a surface application of coke-oven 
tar, one is still in good condition, excepting a section about 20 feet 
wide, which has become worn by traffic until small depressions and 


holes about 10 inches in diameter and one-half to 1 inch deep appear 


at intervals of about 8 feet. This section had only one coat of tar 
applied in August, 1905, and has not been repaired since that time. 

On the streets which were similarly treated where car tracks 
occupy the center the results are not so good, owing to the condi- 
tion of the tracks, which were poorly ballasted. Mud and water are 
consequently washed over the road surface, and in this way deterio- 


- ration has been caused to the tarred surface. 





The sections which were treated with a second application of tar 
in 1906, one year after the first, are in excellent condition, and very 
little deterioration is noticeable. 

On the section where the stone had been spiked up and tar mixed _ 
with it to a depth of 3 or 4 inches the results have not been so satis- 
factory. This is due to the fact that during hot summer months, 
when the tar softens, depressions have formed which prevent perfect 


drainage. 
OIL EXPERIMENTS. 


On the streets treated with residual oils the oil is in evidence only 
near the gutters, where the traffic has been light. On the cther hand, 
on the section of country road treated in the same manner this oil is 
_ plainly visible over the entire surface. During the past summer it 
has proved very beneficial to the road by preventing raveling, which 
has occurred on the untreated sections. Very little dust is in evi- 
dence on the road and no washing is noticeable. 

Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


Wasuineton, D. C., March 25, 1909. 
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SAND-CLAY AND EARTH ROADS IN THE MIDDLE WEST. 


INTRODUCTION. 


Although the sand-clay method has been extensively used through- 
out the Southern States and has proved a great blessing in the bet- 
terment of the roads, until recently no attempt had been made to 
use this method either in the North or the West. In the North it 
was thought that the frost was too severe for that type of con- 
struction. It was also thought that there was a lack of clay or sand 
suitable for the work. In this matter the Office of Public Roads 
took a deep interest and planned a careful, systematic investigation 
and study of the road problem, and the conditions bearing thereon, 
throughout the Middle West. The general character of the formation 
of that section was studied and experimental roads were constructed 
by the sand-clay method in various sections with the materials 
which were to be had locally or within a permissible hauling distance. 
So great has been the success of this effort that a popular demand 
is made for the information and method to be made public. To meet 
this demand the Office of Public Roads has prepared this circular. 


SOIL CONDITIONS. 


As a matter of order it may be expedient to classify the soil condi- 
tions as they are found in the several localities, discuss each separately, 
and then describe a method of road improvement applicable to each. 


GUMBO, ‘‘BUCKSHOT,’”’ OR BLACK WAX. 


This type of soil has the characteristic of readily absorbing water 
and becomes very sticky when wet. As a rule it quickly dries out 
when the sun shines and, if dragged with a split-log drag, it soon 
becomes hard and smooth. It returns, however, to its original plastic 
and sticky condition when rain softens it. While the drag has done 
creat good, there still remains need of improvement in order to render 
the road good and passable for all travel at all seasons of the year. 
This gumbo is a sedimentary formation and covers an extensive 
territory in the valley of the Mississippi and its tributaries. It is 
composed chiefly of aluminum silicate, with a little iron, and usually 
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carries a considerable quantity of organic matter. It is very fer- 
tile, supporting a luxuriant growth of vegetation, and is therefore 
exceedingly valuable as agricultural land. The question of good 
roads in such a locality is consequently vital. Gumbo has been 
burned to a clinker for road purposes with satisfactory results, but the 
process of burning is applicable only to localities having an abundance 
_ of cheap fuel. Under all other circumstances the cost of burning 
gumbo for a road surface is too expensive for practical application. 
A further study of the subject is therefore warranted, since a treat- 
ment for the betterment of this type of soil as a road material is a 
necessity. Agricultural interests demand it. Before attempting to 
say what this type of soil needs to make of it a better road, it may 
be well to study its physical characteristics and history. 

The type of soil commonly known as ‘‘gumbo”’ is a gritless silt 
deposited by slow sedimentation from quiescent rivers, lakes, or other 
standing water. The particles composing gumbo are so very fine 
that they remain suspended for a long time and settle only when agi- 
tation ceases. Such a silt is now being carried by all the rivers east 
of the Rockies and west of the Mississippi River. This is demon- 
strated by the fact that each overflow leaves a gumbo sediment. By 
this process of separation the great areas of gumbo soil have been 
formed, and hence the one universal characteristic of gumbo is that 
it is gritless when in its primitive condition. The color may vary 
from gray to black, owing to the amount of organic matter which it 
contains, but this does not materially change its character. When 
wet it sticks and when dry it breaks up into cubes or granulates, 
whence comes the name ‘‘buckshot,”’ which is often heard. <A care- 
ful study of this subject will reveal the fact that there is a general rule 
or order to this formation which is quite natural and very interesting. 
Where perfect quiet prevails, a perfect, gritless gumbo is deposited. If 
a slight agitation is present very fine sand or grit will be deposited 
and, as we follow up the line of increasing agitation, the percentage 
of gumbo decreases and the percentage of grit and sand increases. 
Thus from the bottom of the lake to the mountain torrent every 
phase of separation exists and the product of each phase is positive 
and‘ well defined. At the point of greatest agitation great bowlders 
are moved to a place of less agitation, then coarse gravel is dropped, 
next coarse sand, then finer silt, and lastly the finest falls on the bot- 
tom of the lake. Variation in the flood varies the deposit line; hence 
the lamination and overlapping of the different grades. Likewise 
there exists great variation even in a lake. Near the surface and the 
shore the winds produce violent wave action and only sand, pebbles, 
and such heavy particles can remain. As we pass in from the shore 
line a change in the character of the deposit takes place in rigid 
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obedience to the laws of gravity and the suspending power of water. 
Nowhere is this subject as plainly written or as richly illustrated as in 
the Middle West. It furnishes a key to the study of the glacial 
deposits and clearly indicates whether they projected themselves as 
icebergs into an inland sea or formed a highland morain and a river 
flowing therefrom. 

This subject of sedimentation is not only exceedingly interesting, 
but forms a most instructive study for the road builder. Following 
the inverse order of formation, next to the gumbo are found the loam 
deposits. These vary from almost gritless to a sandy loam. Let us 
consider next the physical characteristics and behavior of this loam 
as it relates to the matter of road improvement. 


SEDIMENTARY LOAM. 


The sedimentary loams embrace every type between gumbo and 
clean sand. Here a most important manifestation presents itself— 
as the percentage of sand increases, the tendency to granulate or form 
‘‘buckshot” decreases. This is an important physical fact for the 
road builder. Moreover, it is noticeable that, as the percentage of 
sand increases the sticky tendency manifested by buckshot decreases; 
in other words, as the properties of clay disappear the characteristics 
of sand rise into prominence. It is a characteristic of clay to crack 


when in the process of drying, owing to the unequal shrinkage, and 


likewise to expand when the water is restored. Sand has no such 
tendency, but rather contracts when water is added, by reason of 
the closer relations formed between the grains. These diametrically 
opposite manifestations should operate to neutralize each other and a 
point should be reached where the sand would be sufficient to prevent 
further contraction or expansion, or at least sufficient to prevent 
cracking to any appreciable extent. At the same time it should stop 
the tendency of the clay to stick, because in this respect the sand is 
also diametrically opposite to the clay. By a careful study of these 
various physical conditions and an observation of the effect of travel, 
a correct theory may be established. This theory is that there is a 
point between the gumbo limit on the one side and the clean sandon 
the other where the opposite characteristics of each are neutralized 
and the resulting composition is a better road material than either 
alone. Innumerable sections of sedimentary loam are naturally 
good and easily kept in excellent state with very little attention. 
This kind of road, which is one type of the sand-clay road, is very 
responsive to the drag and soon shows a perfect wearing surface, if 
the drainage is good. 

This class of material covers also large areas in the Middle West, 
and a discussion of a method of constructing improved roads in this 
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area is of importance to many of the best farming sections of that 
territory. The presence of the many good sections of roads is a 
cause for encouragement. If it is possible, by natural processes, to 
bring the materials together in the proper proportions, a careful study 
of these proportions in any locality should lead to an artificial repro- 
duction. This has been done many times and may be attempted 
with the utmost confidence of success. When the methods of con- 
structing a sand-clay road and the principles involved are discussed, 
this type will be explained more fully. 


SAND. 


Next to the loam deposits, in the order of separation, is sand. 
Even when it is very fine, it may still be clean. When dry it is ex- 
tremely mobile and drifts in the wind like snow. Indeed the effect of 
the wind is most marvelous; hills are piled up sometimes nearly a hun- 
dred feet high, only to be torn down and then piled up again. Deep ~ 
basins are blown out, to be subsequently filled again. To the man or 
beast of burden that must cross this sand it is anything but play. 
Perhaps no known road is so dreadful as one of those deep, shifting, 
sand-hill roads of the Middle West. Fortunately, in most cases 
these sandy areas are covered with vegetation, which limits to a great 
extent the effect of the wind, gives permanency to the surface con- 
figuration, and saves the road from being inundated with drifting 
sand. As the sand becomes coarser it is less affected by the wind, 
but clean sand, whether fine or coarse, cuts deep and, even on a level 
a horse’s feet sink into it at each step, thus greatly increasing 
labor; but if to this is added a grade of from 5 to 7 per cent, the difii- 
culty is so great as to become an impassable barrier. It is needless, 
then, to say that the people of the sand hills are urgent in their appeal 
for ae roads. 

By far the greater part of this sand is quite fine and oleate like 
shore sand, but an occasional drift of coarse sand and gravel is 
found. This latter deposit deserves a careful search, for it is. of 
great value in the improvement of the roads in the gumbo sections, as 
will be explained later on. 

The sand hills are peculiar in their distribution. In some instances 
they are narrow strips along a river, while in others they are quite 
extensive and cover wide areas. Nor are the strips uniform in width 
or continuous on one side of a river: They may be on either side 
and may vary in width from a few hundred feet to several miles, but 
however wide or in what manner they may be located their charac- 
teristics never change—they make speed impossible and increase 
the labor necessary to move a load to more than six times that needed 


on a good road. The area covered by a heavy sand is great; conse- 
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quently the method of hardening it and improving the roads in it is 


one of the most important problems to be solved in connection 
with the movement for better roads in the Middle West. Every 
formation found in connection with the sands will therefore be con- 


; sidered. 


GYPSUM. 


Throughout a great portion of this territory abound deposits of 
gypsum, which vary from immense cliffs to thin strata (fig. 1). Oc- 
casionally there are secondary deposits in the form of pockets, banks, 
and wide level sections, but these are due in a large measure to com- 
paratively recent erosion and sedimentation. The exposed cliffs and 
other outcroppings are often disintegrated by the action of the weather, 





Fie. 1.—Gypsum pit, showing lamination. 


and are quite chalk-like, but deeper down these deposits become 
tenacious and show a decided tendency to greater cementation when 
placed upon the road and subjected to travel. 

This type marks the extreme of the gypsum deposit as far as 
hardness is concerned; and, while it would not be a first-class material 
for macadam, yet, because of its chert-like characteristics, it would 


make a good road when used in the same manner as a chert-gravel. 


This fact is apparent from the character of the road where it crosses 
such a formation. The extreme of worthlessness in this class is found 
in the chalk-like deposits, which have lost all binding power and readily 
pulverize and, when pulverized, never re-cement. This type makes 


an exceedingly poor road for the Middle West, because the deep dust 


formed on it is so readily blown away. 
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An occasional deposit of gypsum of recent formation is to be 
found in layers from an inch to a foot or more in thickness, alterna- 
ting with sand and gravel. Such deposits are usually granular and 
not massive. They thereby show that they were of secondary for- 


mation and the result of violent erosion which tore them from the _ 


softer bed and tumbled them along in the course of the flowing stream 
to a place of less agitation, where the granulated layer is found in 
the sand and gravel deposits. This formation is readily distinguish- 
able from the massive as well as from the gypsum clays. This obser- 
vation is necessary in order to distinguish between a gypsum clay 
and a gypsum sand; the former is usually a good binder for sand, 


while the latter is not. 
SHALES. 


Besides the gypsum deposits, shale is another material worthy of 


notice in the construction of this kind of roads. This of itself isa 


poor road material, whether hard or soft. If soft, it quickly absorbs 
moisture and readily mucks up under travel; if hard, it is of uneven 
texture and wears rapidly into an uneven road surface. The addi- 
tion of sand, however, will inea measure improve soft shale by giving 
it body, but, because of its poor binding qualities and the ease with 
which the rains wash it out from the sand and leave the sand loose 
and unsupported by a binder, it must be classed as a poor road 
material and used only when no other is available. 

There is a deposit of red shale-like clay of extensive and massive 
proportions in southwestern Kansas and Oklahoma. This material 
noticeably differs from the true shale in the matter of binding power. 
It has quite a good degree of tenacity and, when used as clay for sand- 
clay road construction, it gives fair results. This formation grades 
from a massive red clay to a red sandstone. Its value as a road 
material decreases as it approaches sandstone. The best deposits of 
this material usually occur in secondary deposits at the foot of the 
hills in the river valleys. They are the product of recent erosion and 
deposit, which have separated the clay from the sand and carried the 
clay farther on, where it is deposited in a purer state, so that it is a 
better binding clay for sharp sand. Such a deposit along the Cimar- 
ron River has been used at Englewood and Ashland, Kans., with 
very satisfactory results. 

Besides the foregoing formations and deposits there is a very 
peculiar deposit south of Sargent, Nebr. Thesame formation appears 
at other places in the Middle West. It is not laminated or stratified, 
but massive and quite regular in texture. It is gritless and evidently 
a sedimentary deposit, but. its composition has not yet been deter- 
mined. It appears to be composed of chalk and kaolin, although the 
mixture, if any, is perfect, and beds 20 feet and more in thickness 
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show no variation. Its color is an ashen gray, and when deeply cut 
_by erosion it stands in a vertical wall. It shows little tendency to 
erack on drying, which is an indication of small shrinkage. It was 
observed that this material behaves very well when placed upon the 
road; it packs smooth and appears to wear well, showing little tend- 
ency to failure, either from dust or mud, although it is believed 
that an addition of sharp sand would materially improve it during 
periods of long rain. 
RIVER SANDS. 


A very important feature of this territory for the road builder to 
consider is the character of the sands carried by the larger rivers, 
such as the Missouri, the Loup, the Platte, the Arkansas, the Cimar- 
ron, and others rising among the sand hills or farther up the slopes of 
the Rockies. In many localities immense deposits of very coarse, 
sharp sand may be found and these are valuable to the builder of 
sand-clay roads. Eventually their immense value will be appreciated 
and utilized to harden the plastic soils found farther east, whither 
these rivers bear their sand. 


RIVER SILT IN IRRIGATION LAKES. 


It might not be amiss to call attention to a controllable and probable 
source of material for making the surface of roads hard in the sandy 
lands in the irrigation belt. All the irrigation waters carry a large 
quantity of sediment which they deposit in the basins and lakes 
formed for the storage of river water. This sediment is practically 
the same material as the gumbo found in the valleys farther down, 
and may be used in the same way for the purpose of improving the 
roads. The road at Dodge City, Kans., was built of this material, 
and so far only good results are reported. Many miles of roads 
might possibly be constructed in this way by systematically gathering 
the sediment at a convenient point for use on the roads. 


CLIMATE. 


The climate is a factor of importance for the road builder to con- 
sider in the Middle West. In the eastern sections, where the soil is 
plastic, the rains are most abundant, while in the western sand 
hills the climate is semiarid and quite strong south winds prevail. 
These conditions introduce an important matter for consideration. 
Sand roads are best when wet, and clay roads when dry, but climatic 
conditions operate adversely and must be taken into consideration 
seriously. The rains make the eastern roads muddy, while dry 
weather makes of the western roads deep shifting sand. The 
suggestion offered by this natural condition is to add sand to the 
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eastern clays and clay to the western sands in order to bring about, 
between the soil and the climate, the balance necessary for the — 
betterment of the roads. Additional encouragement is afforded by 
the natural distribution of the material, which in most cases is 
abundantly provided for all needs. 


DRAINAGE. 


There is another important matter to be considered on account of 
climate. In the eastern portion, where rains are abundant, the 
question of drainage is very important, and, moreover, a greater per- 
centage of sand (65 to 85 per cent) must be used, while in the West, 
in the semiarid sand-hill section, the reverse proportion is not only 
permissible but often necessary. In the Kast the road must meet, as 
its supreme test, continued wet weather, while in the West contin- 
ued drought furnishes a maximum strain on the binding power of the 
clay. In the East the road is likely to fail by reason of mud holes 
and washes; in the West it must resist pulverizing and blow- 
ing away as dust. Between these two extremes lie all the possible 
methods of sand-clay road construction. Upon the judgment of the 
supervisor, therefore, depends the character of the work to be done. 
He should know how to select the best available clay for the condi- 
tions to be met, and likewise how to select the sand and incorporate 
it with the clay so as to obtain the best possible results. 
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CONSTRUCTION OF A SAND-CLAY ROAD. 


re a 


IN THE GUMBO OR PLASTIC SOIL SECTIONS. 


Here the one primary consideration is the selection of sand. Since 
in many cases it must be hauled quite a distance, great care should 
be exercised in the selection in order to procure the sharpest and 
coarsest sand possible. After the sand is selected it is a good plan 
to haul it, in advance, alongside the road which is to be improved. 
When the road softens a quantity of sand should be spread 
broadcast over the traveled roadway for the desired width—about 
14 to 18 feet—until the softened clay surface of the road is saturated 
with the sand. In this way the advantages of hauling the sand ona — 
firm, dry clay road are obtained and it is ready for use when the road 
is softened by rain and slightly cut by travel. The amount of sand — 
to be used is determined by the character of the road. If the road 
is taken before it is deeply cut by travel less sand will be required 
to give it a hard surface than would be the case were it delayed 
until deeply cut and full of mud holes. No ultimate harm would 
come from allowing it to become deep mud, but an unnecessarily — 
large quantity of sand would be required to effect a remedy and — 
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would entail needless expense for surface material. For the first 
application of sand from 5 to 8 inches should be sufficient to give a 
hard surface to almost any well-drained road, however plastic it 
may be. If, however, the surface is deeply cut, it may require 
twice as much sand to form a good road. This caution is given for 
the sake of economy both in hauling the sand to the road and in using 
it afterwards, rather than in the final effect to be obtained. How- 
ever deep the mud hole may be, sand can fill it and make it perma- 
nently firm for travel. Although this is effective in improving the 
worst mud, still it is expensive and great economy will result by 
applying sand, when the clay is softened, to a depth of about 3 or 4 
inches. An excellent state of preparation can be had by driving a 
herd of cattle over the road when wet and at the same time adding 
the sand. By this simple method a thorough mixture of the surface 
clay and sand is formed, and, as it dries somewhat, a split-log drag 
may be used to produce the crown and maintain it until the road is 
hard and smooth under travel. Should any place in the road fail 
and become muddy, more sand must be added each time such a 
failure is noticed. If this direction is followed the result will be 
quite satisfactory, notwithstanding its simplicity. In the absence 
of the herd of cattle an excellent surface condition preparatory for 
the sand can be obtained by using a disk or tooth harrow to loosen 
the surface of the clay. 

While it has not been specifically stated, it is assumed that the 
road to be improved has been properly laid out, drained, and graded 
to the desired crown before being prepared for the application of the 
sand. The subsequent dragging is merely to even inequalities while 
the road is settling under traffic. If a coarse sand is not available 
any clean sand available may be used. It is often a matter of 
using, not what one judges best, but such as can be had within the 
means of the supervisor. Any sand will improve a clay road. 

Simple as this method is, it is nevertheless applicable to the whole 
plastic clay belt. Roads which are now almost impassable in rainy 
weather, as were nearly all the roads in eastern Kansas and Nebraska 
in June, 1908, may be rendered practically firm for all travel and 
even well suited for automobiles. The depth of the sand-clay 


_ mixture must be in proportion to the burden of travel. If the road 


is to withstand very heavy travel and extreme weather conditions, 
a deep sand-clay composition .will be necessary, and there should 
be only clay enough in the composition to fill the voids in the sand and 
to act as a binder.” 

@ For a further discussion of this subject, reference is made to Farmers’ Bulletin No. 


311, entitled ‘‘Sand-clay and Burnt-clay Roads.”’ 
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From a careful study of conditions it is believed that the applica- 
tion of sand, as above described, will prove a practical solution of the 
road problem for the plastic clay soils. Where sand is not avail- 
able locally it may be transported by rail, delivered in chutes, loaded 
therefrom by gravity into wagons, and hauled to the roadside for 
less cost than macadam, and in most cases it will prove equal, if 
not superior, to the more expensive macadam road. But no half- 
hearted effort should be attempted. A steam shovel should be used 
to load cars of the ballast type, and they should be unloaded into 
chutes by gravity at the desired station. The sand may then be 
dropped into dump wagons, hauled to the place of use, and dropped 
in sufficient quantity in regular order along the road to be improved. 
This is a practical and economical method by which much may be 
accomplished. 


IMPROVING LOAM AND ALKALI SOIL ROADS. 


Usually the loams have a very good degree of fine sand intermixed, 
and careful attention to drainage and the crown often proves sufficient 
to make a good road, if dragged occasionally when wet. Especial 
care should be given to drainage if the body of the road is to be of 
loam. The traveled roadway should be at least 18 inches above the 
level of ditch water. It is also important to provide against either of 
two extremes—water standing in the side ditch or flowing too great a 
distance down a slope in the ditch. Both are disastrous to the road. 
The one saturates and softens the road bed, causing it to fail, and the 
other forms a gully of the ditch and washes the road away. A good 
maxim is ‘‘ Ditch the side ditches.” This is of great importance and 
well worth remembering. It not only applies to a loam soil, but to all 
kinds of soils and conditions with one exception, viz, where the sand 
subsoil is several feet deep and sufficiently porous to absorb any rain- 
fall no side ditch is required and no attention need be given to the 
drainage of the road beyond crowning the sand-clay surface. Such 
deep sand is found only in the sand hills. In all cases where the sand 
is under 10 inches deep or underlaid with clay or hardpan of any 
kind, well-constructed side ditches must be provided. 

All forms of hard roads should have a good crown, varying from 
side to center. The slope of the crown should be greatest at the 
sides and flattened as it approaches the center. Only a sand road 
requires no crown at all. Where nothing but deep sand prevails, the 
surface should be concave for the purpose of conserving, as far as 
possible, the moisture. Sand alone is improved by water. 

The same directions given for loam constructions may be followed 
in the case of alkali soil. A difference, however, usually exists in the 
case of alkali soils. They are more sticky and are flat and low. 

(Cir. 91] 


SAND-CLAY AND EARTH ROADS IN THE MIDDLE WEST. Ly 


The one thing, therefore, of prime importance is drainage. To effect 
this it is often necessary to build up the road above the adjacent land. 
It is more important usually to build up an alkali soil road than one 
of loam soil because the alkali is more liable to failure where imperfect 
drainage exists. For this reason it is important that the road should 
have a width of not less than 30 feet, in order to give permanency and 
utility to the traveled way, and a sodded shoulder on either side 
to prevent washing. 

If the construction of the road in alkali soil is followed with system- 
atic and faithful dragging a very satisfactory road will be obtained. 
Should a muck-like condition continue after each rain and the road 
fail to harden satisfactorily it should be treated with an application 
of sand as outlined for gumbo. 


USE OF SAND-CLAY ON SAND-HILL ROADS. 


Perhaps the sandy roads in the sand-hill regions of the Middle West 
are the worst stretches of road to be found in this country. They 
often lie as impassable barriers between fertile lands and vary from a 
few hundred yards to several miles in width. To haul a load across a 
mile of such sand costs ten times as much as on a hard, smooth surface. 
It is, then, a most vital matter for the people living in the vicinity and 
eine occasion to use these roads to build SRE ENE roads through 
the sand. Many experiments have been made with varying results, 
but so far it appears that the sand-clay road is the practical road, neti 
particularly so in the semiarid regions. Indeed, it appears that here 
the sand-clay road is capable of yielding the most satisfactory results 
both as to service and durability. Because of the dryness of the 
climate the clay rarely becomes oversaturated; on the other hand, 
however, the sand always contains enough moisture to keep the base 
of the clay in a state of sufficient moisture to prevent cracking at the 
bottom of the clay. This percentage of moisture, while small, is 
sufficient to strengthen the road surface greatly; but while this factor 
is important, there is another equally as advantageous in the porous 
character of the sandy base. It allows the excess of moisture to per- 
colate, however hard it rains; there is therefore an interesting prin- 
ciple disclosed in this deep sand. It may be compared to a governor 
reculating the moisture admitted to the clay from beneath. Accord- 


_ ing to this principle, one would expect to find the best sand-clay roads 


where the sand is deepest, and such is the case. The sand furnishes a 
perfect underdrainage and yet capillarity supplies the right amount of 
moisture to maintain the bond in the clay and prevent its becoming 


thoroughly dry, in which case it would crumble to dust and be dissi- , 


pated either by the wind or in the deep sand. Again, this principle 
makes it possible and even practicable to have a satisfactory clay 
[Cir. 91] 
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road on deep sand when the clay is largely in excess. Such a road — 
would utterly fail on a clay foundation. Here, again, this principle is — 
of great advantage, because the clay can be left in excess in the body — 
and sand added to the surface only after the clay has been applied. 


The importance of a careful location is not always as seriously , | 
considered as the nature of the case justifies. It too often happens 


that an effort is made to follow the section line. Normally, in lands — 
valuable for cultivation, this may be justified, but in grazing lands, — 
where the roads should be located with a view to an economic main- 
tenance and an economic haul over the road, both of which require — 
-low grades, the case is not the same. Again, to build a sand-clay 


road over the top of a sand hill is to invite the winds to destroy it. 


It is therefore of importance that the location be as free from grades _ 
as possible and protected from drift sand or ‘‘blows.”’ 

After the location has been selected a roadway not less than 30 
feet wide should be laid out. All inequalities should be graded out 
so as to give a smooth road with a uniform cross section. When — 
this has been done stakes should be set for the center line of the 
road, and for this purpose plaster laths serve excellently. With a 
turning plow a furrow should be run up one side of the row of stakes 
and back on the other side, throwing the dirt toward the stakes. | 


In this way a ridge is made exactly in the center of the road. Then 


a roadbed should be thrown up to the width to be clayed by back- 
furrowing to this ridge. A drag or harrow should be used to smooth 
this bed and the crown should be carefully made to conform to the 
proposed finished road. A good practical width for this bed is 14_ 
feet. After the central section has thus been prepared and smoothed 
with a harrow or drag the shoulders should be backfurrowed on both 
sides of this clay bed with the turning plow. To do this the plow _ 
should be set so that it will discharge the material in a ridge just — 
outside of the last furrow made in forming the bed. Thus by several 
rounds with the plow the shoulder is raised sufficiently to form a pro- 
tection to the sides of the clay when placed in the prepared bed. | 
Usually five such furrows on either side complete a 30-foot road to 
the ditch line. When this is done the sand bed is ready for the clay 

to be hauled upon it. a 
If in the foregoing operation any stakes have been misplaced — 
from the center they should now be restored in order to maintain 
the center line of the road definitely. The first six or eight loads of 
clay should be dropped exactly in line with these center stakes. — 
The next loads are dropped on one side of the center loads, inside — 
of the shoulder, but only about half as many should be dropped 
on the side as were dropped in the center. Clay should then — 
be dropped on the other side in the same manner. This work — 
should be done in such a way that the center line is some 50 feet 
(Cir. 91] i 
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loads can be unloaded at once. With this plan the teams will not 
be blocked in hauling, and, furthermore, by keeping the center line 
: ir in advance of the ahs it is an easy matter to keep the road 
tr 1e and even. 

After 200 linear yards of the on have been covered the clay 
Eehould be spread. It is important not to begin to spread the mate- 
3 os immediately after being dropped upon fine road. The reason 
for this will appear later. Nothing is better for the purpose of 
spreading the clay than a two-horse two-wheel grader. The spread- 
in ¢ is begun by pushing the side loads toward the center to fill in the 
space between the center and the side loads which has already been 
‘rolled by the wheels of the loaded wagons. After this has been 
done the hauling should be continued until the material has been 
_ thoroughly packed by the wheels of the loaded wagons passing over 
it. The center may then be brought toward the ide with the grader 
and the entire road smoothed. Travel may now be freely allowed 
on any part of the surface of the road. If the loads of clay average 
1 cubic yard each they should be dropped touching each other in 
the row, but if less than 1 cubic yard they should be slightly lapped. 
The person in charge of this part of the work should exercise his 
judgment in the matter of dropping the loads according to the size 
in order to secure the desired depth of clay, which should not be less 
than 6 inches, while it may be as much as 12 inches when very 
heavy loads, such as traction engines, are to pass over it. 

The side loads should be pulled toward the center first for the 
_ purpose of preserving the crown and keeping the material well toward 
the center, since it is easier to cut down the crown later, if too high, 
than to build it up. This is also important for the reason that the 
teaming must be depended on to do the rolling, since it is not ex- 
Beeted that a roller will be used. Moreover, if the center is left 
eeserurbed the teams will naturally follow on each side of the 
rown and, in consequence, the wheels of the loaded wagons will roll 
in the proper place to give the greatest rolling effect to Gi part of 
: ‘the road which will afterwards bear, the heaviest burden of travel, 
leaving the material of the center loads in condition to be handled 
by the grader when the center is to be dressed. Then, last of all, the 
surface is finished with the grader. Especial care al been taken to 
make this detail clear, for upon careful attention to it depends the 
smoothness of the road when completed. Perhaps no part of the 
construction is as important as the matter of providing an even 
texture and a surface in the outset free from small depressions. or 
the semiarid sand hills this is especially important, because it is not 
the purpose ever to break the bed of clay up entirely in the applica- 
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tion of the sand. If by neglect or other cause the clay has been | ; 
dropped improperly, causing a thin place, the necessary repair 
should be made at once and all the material should receive the same — 
rolling in construction. It is quite important in the semiarid terri- — 
tory to have the clay fairly well compacted before the sand is added, 
and to add sand only on top of the clay, in the manner described 
above for sticky soils. Indeed, the construction is identically the 
same, after the clay has been placed on the deep sand, as that 
described for gumbo or any other clay district, with this exception— 
the sand, in the case of the sand-hill road, will not have to enter as 
deeply into the clay or form as large a percentage in the composition, 
except for the upper inch or two of the surface. The greater part 
of the clay remains undisturbed as when placed on the sand. It is — 
expedient and proper, however, to have at all times a coating of sand 
on the road. After the road has been properly smoothed the grader 
may be reversed with good effect to bring a covering of sand from the 
sides of the road, which have been previously plowed up for the 
shoulders during the preparation of the roadbed. It may happen that 
by hauling over it the clay will be pulverized to such an extent that an 
inch or more of dust may form on the surface. In this case the fine, 
mechanical separation can be used to advantage by incorporating 
an abundance of sand with the dust. Sufficient sand, fully twice as 
much as the amount of dust, if gumbo, should be added and thor- 
oughly mixed by means of a tooth harrow. When the rains come 
only mucking and settling remain to complete the composition. 
There is one important thing to avoid in this dry climate. The 
clay should not be disturbed deeper than there is moisture to reunite 
it at the time that sand is added. The road should be built of clay, 
covered with sand, and left to the rains to soften the clay so that it 
ean absorb the sand. The clay should never be pierced to the sand 
base, for the reason that, if it should be continuously dry for a long 
time the loose sand would work up from below and cause sandy 
pockets and sandy places in the road, not unlike mud holes in a clay 
road in effect. This is quite important in drift and very fine sand. 
After the clay has been placed upon the road, sanded, and treated 
_ as above described, the turning plow should again be used to build 
up the sandy shoulders until nearly level with the clayed part. In 
this way a trap will be set for all the clay that blows or washes to — 
the sides. This is not only permissible in a sand-clay road, with deep 
sand, but desirable. It is not so in a road entirely of clay, and this — 
distinction should be noted. Another reason for lifting the sand — 
shoulders so high is to conserve moisture, the opposite of what is 
necessary in the case of sand-clay construction on a clay subsoil. 
It must be carefully observed that this last suggestion applies to 
deep sand only and never to shallow sand,where the rain is not ab 
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once absorbed. [Every effort should be made to conserve moisture 
in deep sand and a dry climate, because the moisture prevents dust 
and the consequent blowing away of the road. It is therefore a 
matter of necessity, if the greatest success is to be attained, that 
these local conditions be carefully considered in every detail of the 
construction. The building up of the shoulders is of advantage to 
the road when it is to be dragged, because then it is an easy matter 
to get from the shoulders the sand needed on the softened sand-clay 
roadway. 

While it is customary to use the sand along the road, yet if it is 
very fine and there is coarse sand near by it will often pay to haul 
a slight covering of the coarse quality upon the clay. This is particu- 
larly advantageous where the winds are very strong, because the 
coarse sand is far more resistant to the winds and far less disposed to 
break up the clay bond. It acts in the same way that coarse sand 
does with cement. The shoulders should be plowed out to the ditch 
line and, as far as possible, vegetation of some kind should be en- 
couraged to grow on the sandy berm. All these points should be 
observed to prevent the sand from blowing away and leaving the 
sand-clay road unprotected. If much rain should come and the 
clay should soften as much sand should be added as the softened 
clay will mix with well and the sanding should be followed with a 
drag until the road is again dry and firm. 

The maintenance of the road is of the utmost importance for one: or 
two years after construction. Proper care at the right time often 
saves a whole road from failure. There is nothing permanent about a 
road except its location, and nowhere is that saying truer than in 
the sand hills. Even the location is often in jeopardy. 

Nothing has been said so far about the choice of the material td 
be used as the clay part of the sand-clay road in the sand hills. The 
choice is usually limited to gypsum, alkali soil, or gumbo. Sometimes 
only one is available, but when more than one can be had it is impor- 
tant to know how to select the best. It has been pointed out that 
gypsum varies from a chalklike, nonbinding, easily pulverized mass 
to a composition of semiplastic gypsum and clay, which, under 
travel, hardens on the road like cement. This latter is quite useful 
as a road material, while the former is practically worthless, because 
it lacks binding power. The binding power is one of the properties 
to be sought for most carefully. If the material packs readily and 
pulverizes slowly when dry, or softens slowly when wet, it may be 
safely accepted as a suitable material for making the surface of a 
sand road hard. This characteristic alone can be relied upon. Color 
has little or no significance as to its value. 

The alkali soils are more or less variable in composition, usually 
containing a certain proportion of sand, silt, clay, and organic 
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matter. In some respects they are very much like the loams, but 
they contain varying percentages of different soluble salts. As a 
rule, very little sand need be added to an alkali hard surface mate- 
rial. The best results come from spreading it on rather heavily 
and dragging thoroughly afterwards. Gumbo is one of the mate- 
rials sometimes met with and, if it is free from grit, a large amount 
of sand will have to be added. This material has the peculiarity 
of cracking in every direction when it thoroughly dries out. This 
makes it necessary to add more sand after each rain and also when 
the gumbo dries and cracks. These cracks should be filled with 
sand as often as they appear and this should be continued until 
sufficient sand is incorporated to stop the cracking completely. 
This characteristic of the gumbo of splitting up into thousands of 
little pieces is of immense advantage for introducing sand, but it is” 
of serious consequence in periods of extended drought, because it — 
may cause the complete failure of the road before the necessary 
sand can be incorporated with the gumbo. If once the sand and 
gumbo are mixed and compacted by travel, little is to be feared 
thereafter. It is clear, therefore, that, when gumbo is used, it is 
important to utilize to the fullest extent every rain, in order to 
puddle the surface and to do everything possible to. conserve the 
moisture in the gumbo by keeping the sand shoulders high, even 
above the level of the clay portion of the road. It is better to do 
this, for the additional reason that it will help to keep the rain water 
on the gumbo and soften it to a greater depth, and thereby allow a_ 
more thorough intermixing of the sand with the gumbo. It should 
always be kept covered with a little sand. Whatever the variety of 
gumbo, whether from a lake bottom, the overflow of a river, or an 
irrigation ditch, its characteristics are practically the same, and 
it will be valuable as a road material in proportion to its binding 
power and ability to resist washing or pulverizing and consequent 
blowing away. | 
An occasional deposit of pipe clay may be encountered in certain 
sandy sections, as at Hutchinson, Kans. The treatment of this 
material differs somewhat from that given to the other types of clay — 
mentioned above. It should be placed upon the road and covered 
with sand, as described for gumbo, but the difference consists chiefly — 
in the difficulty experienced in the endeavor to incorporate sand with 
clay. It has a remarkable tendency to remain in lumps and to ~ 
resist all efforts to pulverize it or to puddle sand into it. It usually 
requires a great deal of time and labor to mix sand with pipe clay 
to the proper point of combination. A dozen herds of cattle driven 
over the road are needed to effect a proper combination; perhaps — 
a thousand sheep would effect the proper puddling of pipe clay more _ 
easily. Aside from this difference there is one other point well 
[Cir. 91] e 
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_ worth noting regarding pipe clay. It shows this tendency to form 
lumps when dug or plowed up in the pit. If these lumps are not 


broken before they are dropped on the road it is very difficult to 
produce a proper clay bed with an even and uniform thickness over- 


laying the sand. Eventually these lumps will cause inequalities in 


the surface. Considerable care should be exercised to have the 
pipe clay as finely divided as possible when placed on the road, so 
that it can be spread evenly. 

It should not be forgotten that sand is needed in considerable 
quantities for pipe clay and that the proper time to add it is when 
the clay is in a muddy state and being puddled. 


c 





F1G. 2.—Section of road covered with sand-oil. To be replaced by gypsum. 


SAND-OIL COVERING FOR A SAND-CLAY ROAD. 


At Garden City, Kans., oil was tried on a section of a very sandy 


‘road, and it had been planned to parallel the oil with gypsum 


sand-clay. The suggestion was made that this oiled sand might 


with advantage be spread evenly over the finished part of gypsum 


_ sand-clay. So far this is an untried experiment and results are not 
_ known, but the object is to provide a dustless covering to the gypsum 


road, resisting both wind and rain. It might possibly have the 


additional effect of providing a cushionlike protection to the hard 


‘surlace below. Thus the three things which might result in the 
betterment of the road are a dust preventive, a wind and water 
resistant, and a cushionlike effect to relieve the impact of travel 


and thereby prolong the life of the road. At Garden City, Kans., 
the sand is already saturated with the oil, and the experiment may 


be tried with little or no cost. (Figs. 2 and 3.) 
(Cir. 91] 
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It is well known that the successful use of oil in road building 
depends largely upon the nature of the materials used. Natural oils 
vary widely in their characteristics and the same may be said in 
regard to tars. The possible use of bituminous materials in connec- 
tion with sand-clay construction must be worked out experimen- 
tally before definite instruction in regard to it can be given. 


EXPERIMENTS IN THE MIDDLE WEST. 


We may now proceed to give concrete examples of work actually 
done and a description of the methods pursued in construction. To 
this end a description will be given of the roads at Garden City, 
Dodge City, Bucklin, and Ford, Kans., with the peculiarities of each 





Fig. 3.—Gypsum road winding through sand hills. 


case and the methods employed, together with results of inspection 
of these roads after a year’s use. In addition to this a few views of 
these roads will be given as they appeared one year after construction. 

Garden City, Kans.—The road selected at Garden City was a part of 
the Santa Fe road leading south from the station. The work was 
begun at the foot of the sand hills on the southern side of the Arkan- — 
sas River. From the starting point the grade rose about 6 per cent, 
or perhaps a little more, for a distance of about 500 feet, and then ran — 
level for some distance. To give this heavy grade a hard surface 
was of the utmost importance, because it was impossible with the — 
funds available to reduce the grade, and a change of location was 
out of the question. 

About 300 yards east of the road a deposit of gypsum clay was found 


and uncovered, and from this pit were taken 68 cubic yards. It was 
[Cir. 91] 








ee 


SAND-CLAY AND EARTH ROADS IN THE MIDDLE WEST. 25 


abandoned because of the heavy sand between the pit and the road, 
and for the additional reason that the sand could be stripped from a 
gypsum deposit near the road and material obtained there more 
cheaply. This pit was immediately on the roadside and promised 
sufficient material for the completion of the contemplated section. 


It proved a wise decision to use this pit, for it was found that it 


improved in quality as the excavation became deeper. It showed 
greater tenacity and bonded much better than that from the first pit. 
Because the road was practically level in the cross section, no 


preparation at all was made in the subgrade, except to stake out the 


center and side lines in order to guide the teamsters in hauling. 
The proposed width was 12 feet of clay, and for this width a full 
load was dropped on either side of the center and a half load in the 
middle between the side loads. The whole was spread as evenly as 
possible by hand and hauled over as fast at it was spread. All 
weak and defective places were reenforced as soon as they appeared, 
and the proper crown was formed as the work proceeded. An effort 
was made to add the clay to a depth of about 9 inches and a width 
of 12 feet, but, since there were no shoulders and since 12 feet made 
too narrow a road, the material was allowed to spread to 14 feet, so 
that the clay tapered off 12 inches on the sides. In this simple man- 
ner the entire section of 765 feet was constructed. The operation so 
far consisted simply in hauling gypsum clay and spreading it evenly on 
the road in a straight line and to an even depth and width. During 
this time the public was allowed undisturbed use of the road, and 
Was even invited to use it. for the purpose of packing the surface. 

After this packing was accomplished, fortunately a very heavy 
rain fell and effectually saturated the clay and the sand beneath 
it. The road was then harrowed with a toothed harrow t6 break all 
the lumps on the surface and to prepare it for the sand which was 
next to be added. For the sanding a heavy two-horse turning plow 
was used, and the sand was backfurrowed up to the clay on both 
sides. A common drag was then used to pull the sand upon the 
clay and the harrow was used to mix them. Finally, after several 
drageings and harrowings, the road was left for travel. After one 
year the same road was visited and was found to be as firm and 
hard as macadam. The people are so well pleased that they have 
continued the construction entirely across the sand southward for a 
distance of 7 miles. 

Dodge City, Kans.—At Dodge City a part of the Minneola road was 
selected. This road, like the one at Garden City, was south of the 
Arkansas River in the sand hills. The sand here made so serious an 
obstacle that the road was little used, and travelers preferréd to go a 
mile or more out of the way to avoid it. A search for clay revealed, 
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near the middle of the section to be improved, a deposit of sediment 


from an irrigation ditch. This deposit was about 18 or 20 inches — 


thick and extended over an area of 3 or 4 acres. It was decided to 
use this material, because it was the only thing at hand. Accord- 
ingly it was plowed as deep as two horses could pull the plow. It 
was then found to be dry enough to granulate perfectly, and conse- 
quently it was in fine condition for loading into wagons and spread- 
ing on the road. The loading was done by hand and common farm 


wagons were used. For the wagon boxes the material used was 2 — 


by 4 inch scantling for the bottom and 14 by 10 inch planks for the 
sides; all were 11 feet long. Two by 6 inch scantling is perhaps 
better for the bottoms than the dimensions given above, because this 
size requires less handling. 

The preparation of the subgrade was made in advance of the clay 
hauling and was done in the following manner: Unlike the work at 
Garden City, a subgrade of definite form and width was prepared. 
The center line was first laid out and backfurrowed in the manner de- 
scribed on page 18. The specifications given there were also followed 
in dropping and spreading the clay. During the construction there 
was no rain and dust formed an inch or more deep. Into this a large 
amount of sand was harrowed, and the road was finally covered with 
a layer of sand in preparation for rain. When the rain came the 
sand was completely absorbed by the clay and an additional ap- 
plication was required to overcome the tendency to stick. This was 
added after each rain and worked in as opportunity allowed. The 
clay also cracked quite deeply when it dried out, and to meet this 
contingency more sand was added and worked into the cracks with the 
drag. Shoulders were plowed up on either side in the same manner 
as at Garden City, and sand was pulled upon the clay with a two-horse 
grader. A large grader was also used to dress the road and to pull 
sand upon the clay; but still better was the drag scraper for sanding 
the clay. This method proved the most satisfactory of all. By this 
means all high places on the roadside were graded, and the sand 
thus obtained was used to cover the clay. The use of the drag 
scraper was found far more expeditious than hand work. No roller 
was used on this work, but the travel was so distributed as to roll 
every portion of the road evenly. 

One year after the road was constructed the accompanying photo- 
oraph (fig. 4) was taken. The road has shown its ability to withstand 
travel and has converted what was formerly a little-used road into one 
of the most heavily traveled roads leading into Dodge City. It has 
clearly demonstrated the value of a good road. Formerly the farm- 
ers who had to travel along it were seriously considering the advisa- 
bility of selling their farms and going where the roads were better. 


Now they easily haul 60 bushels of wheat with a two-horse team. 
[Cir. 91] 
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Tn fact, the usual benefits which are brought about by good roads 
were quick to follow the successful outcome of this work inaugurated 
by the Office of Public Roads. 

Bucklin, Kans.—Simultaneously with the work at Dodge City, a 
section of an experimental road, 5 miles north of Bucklin, was con- 
structed. The section laid out was supposed to be a mile and a half 
long, and the plan of construction was identical with the work at 
Dodge City. For the material for giving a hard surface there was no 
artificial lake of sedimentary clay, as at Dodge City. At first it was 
thought that it would be necessary to haul all the material from the 
river valley up the hill, but the inspection of a basin on the summit of 
the hill, near the south end of the section, indicated the possibility of a 
fairly good material, which, if it should have the necessary binding 





Fig. 4.—Object-lesson road at Dodge City, Kans. 


power, might mean a great saving in the cost of construction. From 
this point a haul downhill could be obtained, and from the importance 
of this matter it was deemed worthy of trial. Some of this material 
was plowed up and put on the road. This surface material at first 
showed a tendency to blister, and its binding power seemed very 
slight, but as the depth of the pit increased a decided improvement 
Was apparent and excellent material was found beneath the surface 
soil. A great saving in the cost of construction, well worth the ex- 
periment, was thus accomplished. ; 

At the south end of the road, 3,276 feet of road were clayed from 
the clay pit described above. This was a haul downhill, and the 
material was spread on heavier than is usually done because it seemed 


likely that it would not support thetravel. Thework was then stopped 
(Cir. 91] 
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at the south end and begun at-the north end of the section. At this 
end 995 feet were clayed and, when a bed for clay in the intervening 
space, which was about 2,500 feet long, had been prepared, it was 
left for the community to clay according to the plan given them. 
This was done by them, and one year after the work was done the ac- 
companying photograph (fig. 5), showing this road, was taken. It 
will be observed that, while it is not smooth, it is not cut into ruts, 
and only the surface has picked up. The night before the photo- 
graph was taken it had rained quite hard and had softened the sur- 
face sufficiently to cause it to pick up when travel passed over it. 
This indicated an insufficiency of sand on the surface and more had 
to be added to prevent this stickiness. ‘The remedy in such cases is 
to cover the surface with sufficient sand to overcome this tendency. 





Fig. 5.—Object-lesson road at Bucklin, Kans. 


Ford, Kans.— The construction at this place was quite peculiar, because 
of the weather conditions. During the night the road would freeze 
hard, and, in order to take advantage of this condition, the gumbo- 
clay found in the river valley was plowed up in the afternoon when it 
had thawed out. The next morning the clay plowed the previous 
afternoon would be in frozen lumps as hard as stone. The men used 
gloves and threw these frozen lumps into the wagon by hand, as they 
would have done stones. In this rough state it was hauled upon the 
road and spread as well as possible. It was impossible to give a 
surface to the road until it had thawed in the afternoon. Then it 
was smoothed to some extent and the clay was covered with sharp 
sand 3 inches deep. Certainly no more crude form of construction 
could have been followed, but conditions were such as to prevent the 


use of any other method. This section was only a short approach 
(Cir. 91) 
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— to a bridge. .One year after this work was done the accompa- 

_ nying photograph (fig. 6) was taken, and, while the road was quite, 
wet, still it shows from the tracks that the mud is not more than an 

inch deep and needs only a little more sand to overcome the excess 
of clay. This example shows how simple is the construction, and 
yet how effective, when clay is used for hardening the sand. The 
approach was a heavy sand bar, and had to be raised with sand 2 
feet or more in places in order to make the grade easy. 

These four experimental roads were constructed with local mate- 
rial and local conditions were met at the least possible cost. It is 
believed that a careful study of local conditions in any community 

will reveal many possibilities for improving the roads at a compara- 
tively small cost. To aid in this study this article has been written, 





Fig. 6.—Object-lesson road at Ford, Kans. 


and it is hoped that a lively interest may be created in this work, 
and that the suggestions herein contained may be productive of 
much good in the great Middle West. 

Where work of this kind is undertaken it may be well to make 
several experiments and tests and to note the difference in the results. 
In all forms of sand-clay construction the process requires the final 
mixing to be in the wet state, as otherwise there can be no bond. It 
is also of the utmost importance to use the drag frequently on the 
road during the first year, and as often as any part shows a tendency 
to stick or pick up it should have a surface coating of sand to prevent 
the clay from being carried off. It is necessary to study the needs 
of the road by actual observation rather than to endeavor to learn 
them from printed rules. Local conditions must be studied and_ 


overcome on their own ground, 
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SUMMARY OF DATA REGARDING CONSTRUCTION AND COST aa 


The following is a summarized statement of the work on the fou 
roads just described and the cost of the different operations: 
Garden City, Kans., Santa Fe road; date of construction, October 12 to 20, 1908, 


Dimensions of road: 


Tsemp thy Of TOA 2. oe cea a artes wk oe en ree ers Seaton cea la a feet... 765 
Width of road;“including ditches,.e2...22-<- a eee do:... — ji 
Width -of part clayedz2 sees vee J: eae eer ee ee ee dose 

Depth: of clay 22.5:0u; ST aeageuas i Saree thee See inches. . 

Work of construction: ; . : a 
Glay nauled jose ho oe ce ee ee eee eee PS gi ye cubic yards. . 256 | 
PLITIACES. CLA VCC, a ap ecicnc on belts ae ots rans eee square yards. . 1,020 

Cost of construction: aa 
Siripping clay pitesues07 sire Ue rca e ee et eee eer epee = $7. 10 
Plowing up clay-i-pitrs.osece oe te cates ee su cteiek pee 10.50 
Loading clay by hand into -wagons::.2:-- -2.2-. 1...) ee * 33. 00 ie 
Hauling. clay tO road 22) .5 sce sep ee ss ee eee oe 39. 50)— 
Spreading clay (on roads <2 oie ae a he ao ee 10. 00 . ¢s 
panding, harrowing,.and finishing road 320-22 Saeco ee ee eee ie 33 : 

RL OURL o4 acc diego ee RS sa, feo Sc he aS GO Reet a a te ee 102. 50 3 
Cost-of clay on‘road per. cubic yard:2 2. 3/922 e epee 40 
Cost:per.square ‘yard ‘of: part: clayedi>2. 22 35. ..-. [ea oe ae i. 

Betote per mile. 2.54 okie bu locke Ree eee ee 707. 45:08 


Dodge City, Kans., Minneola road; date of construction, October 22 to December 10, 1908. 2 


- 1 


Dimensions of road: BY 

Leneth of road Avs 22.072. eee “ piliggss cals at oer, emnene feet... 9, 750 's 
Width of road, including ditches...............- Ware re set do. -2-5 . 
mewidth-of clay. f70.0. poo on ee ee ee ee dois 
Depth of clay and sand aan ass a fend eer TEEN Sg app inches. . 

Work of construction: 
Harthexcavated 2: at, oti ys ck eae ee ees ee cubic yards. - 
Glay hailed 1... 2. o's 2 wide eo arom oe ee ee dose 7 
maracesclaved 5.27 S45 ere ae oe Mad or Satins square yards... _—-15, 167 — 

Cost of construction: ae 
Horeman for works... ee. yee eae eee SPU et EN See ae $51.50 

shilling from barrow pit::... 4,7 -c. sets Rn ee 00M 
Excavation (2,539 square yards)?.. i233 0.2.22... see ee 387.69 
Shaping subgrade (15,167 square yards).-....:......-.-20...2.- soa 70.00 — 
Plowing up clay: os27 226 << eis. ol. eek ee ee ee 54. 875 
Loading clay by hand y-2..o2.5 324 ae fe 470.00 — 
Hating clay to:rdads.- 8 Gul eee ee ae 608. 38° 
Spreading clay on road... 00.5 2 ee 93.00 
Harrowing and mixing clay and sand 3.54422). Sethe ee ee ee is 
Sanding road and building shoulders... .. 2.22... .. a 107. 685 ) 
Dressing road with grader: 7225. 2 2. coins oe ss cee 27.00 
Work on bridge, timber, 6tc:.¢:..-1.:..2-225-0.-2 2. 59.53 
Repairs, water boy; and sundriés..:22........0....--2 2 a 
Livery for‘expertad.. Je eee en eee ow) 49.00 — 
Miscellaneous: ..ss seks) ode eee ee oe . Le 100.00 — 
Total: i... cs Te ee 2 a? 2, 097 
Cost of road per square yard of clay-s../.-..0. 2... 201 J. oboe 8 
Rate per mile. 50. 652.) Soo ec een ce ee a ub 135. 83. 
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bath of road add Ee ccd ca se ai at aaa a aa feet. . 8,121 
Width of road, including ditches........ js ae keane Fd Wah Me al downs 30 
| Width tertne tle ek oe a. tr ce es Lee dot... « 14 
) ee: A Length SRC WOU Wee tere oi. ee. oe coe te dja. 4, 271 
Depth UR ee ere tren Oo eel ss sto 2 inches. . 12 


Earth 0 Te RS Se ie Ae a cubic yards. . 1, 584 





OS RE ees ee donee 1, 883 
MI ee fete ee ee ee square yards 6, 644 
of construction: 
4 SII OP eaters stat oo. Sosa a safe sss ek kee pee oo Le $50. 00 
| _ Excavation Ls ese epee ete Wa SS IS SS ie Se eg eae 224. 07 
Bert bprade for clay--...-: 222 be ee ee eee eee eee ee 32.37 
Biiowving Re AVE utters sg, cee ME ap SES POD OEE 16. 75 
Loading clay into wagons...... Be SE eg ge ee ee 235. 75 
Hauling OTN? Pep SANE RS a OR RIE TN SGP ia SP aa ae ee aE 304. 875 
. MII, yO Coad eee ee pee ke 44, 625 
EE ee SES Ae En canes oe epee me axe 5. 67 
‘ _ Livery RS ee ree re ay oe 2c 0% Shay ee tt B5n25 
fee Miscellaneous........- pene ee te terse a ee 9. 00 
I Neha aranctcche as aaa ey ayes Bhs on Sede a pee 2 ee ce eed 958. 36 
; Cost of road per square yard of clay ERE MOS A 5 5 Sst Senate See 14 . 
Rate RE ere ae ede rh Se ME eee Dente re i One Re 1, 183. 64 
a 7, ‘Ford, Kans., Spearville road; date of construction, December 17 to 21, 1908. 
ensions of road: . 
STEN Go D0 SS oe feet... 350 
EI ierne neha ose 2 on Pie ete sae oe ddsaer 30 
a Width BUM C IAN COS ene tae os La Sete po. Sees dvs 16 
z Depth (EN eee ES ee Eli ie Rig ag ey les amie ie eae inches. . 13 
W ork of construction: , 
- Filling i Brmeiciswinening Toad. srci 2, pol ote as eee es cubic yards. . 250 
4 I Tee ae te ne lei ve bw cle Stee d0ccres 179 
Surface SRT a RN 9 AES eee NE a ee ag square yards. . 622 
C ‘3 of construction: | 
ig See snd widening road -.: 0.2 oe eee eee he cle oe $17. 25 
Mees 10n0ine Clayoc. esc. Se ee ee eee eee 10. 50 
Maun aoa eS Se Ek i ei aes 60. 00 
II meri nt ee aS eis nee T 8. 00 
Sanding Bae eee ee ne ar ee ee on wes woe eae e's Sek 8. 00 
Bitirescing errr ral erste (hei keisha hPa Scania es . 50 
(les ie Ry SOR SE i a a 104, 25 
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PROGRESS REPORTS OF EXPERIMENTS IN DUST 
PREVENTION AND ROAD PRESERVATION. 


INTRODUCTION. 


_ A number of experiments in dust prevention and road preservation 
were conducted by the Office of Public Roads during the summer of 
1909. It is the purpose of this circular to describe these experiments 
and to report the results obtained from experiments conducted along 
similar lines in previous years. Descriptions of these earlier experl- 
_ ments have already been published in Circulars 47, 89, and 90. The 
_ experiments conducted at Washington, D. C. EY ounsstants Ohio, and 
- Ithaca, N. Y., during the past summer will BeidescribedsAree. 


id a 


ft EXPERIMENTS AT WASHINGTON, D. C. (1909). 
WASTE SULPHITE LIQUORS. 
EXPERIMENT No. 1.—SPEcIAL PREPARATION. 


In this experiment a concentrated waste sulphite liquor prepara- 
tion was employed in the surface treatment of a macadam driveway 
for the purpose of determining its road- binding and dust-laying 
"properties. The road selected for treatment is located in the Agri- 
cultural Department grounds, Washington, D. C., and connects Thir- 
teenth and Fourteenth streets. It is built of ‘an rock with a soft 
limestone binder and, although subjected to only a moderate amount 
of light traffic, becomes quite dusty in dry weather. 

_ The preparation was furnished free of charge by the manufacturers 
in 60-gallon barrels. It proved to be a dense sticky liquid, miscible 
with water, and having a specific gravity of from 1.267 to 1.270 at 
41513—Cir. 92—10 
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25°C. Its binding value is dependent upon the presence of so-called 


calcium-magnesium-ligno-sulphonate, which is produced in the 


manufacture of wood-pulp according to the sulphite process. 
Application was made by means of an ordinary 300-gallon sprin- 
kling cart, and a mixture of equal parts of the preparation and water 


employed. The roadway was sprinkled three times with this mix-— 


ture at the rate of 0.54 gallon per square yard. ‘The preparation 
itself was, therefore, applied at the rate of 0.27 gallon per square 
yard. The section treated was 615 feet in length and 16 feet in 
width, giving a total of 1,093 square yards. ‘The mixture was fairly 
well absorbed by the road, but a small amount was lost by drainage 
to the gutters. This application was made on March 17. Until the 
middle of May the results obtained from this treatment were quite 
satisfactory; the dust was successfully laid and the road surface well 
bound. Rains seemed to wash out the material much less than 
might have been expected. About May 15 the road showed signs of 
becoming dusty and was watered for a number of times. On June 1 
another treatment with the sulphite liquor preparation in a 20 per 
cent dilution was given for a width of 12 feet in the center of the road. 
This application was made at the rate of 0.366 gallon of solution or 
0.073 gallon of the preparation per square yard, and 820 square 
yards were thus covered. The cost of this experiment, together with 
experiments 2, 3,4, and 5, are given on pages 3-4. While no charge 
was made for this material, it 1s figured at a minimum cost of 12 cents 
per gallon, delivered at the road. 


EXPERIMENT No. 2.—@ruDE WASTE SULPHITE LIQUOR. 


The road treated in this experiment and in the three following — 


is a branch of that described under experiment No. 1, and runs nearly 
parallel to Fourteenth street. It does not, however, receive quite as 
much travel as the former. A crude waste sulphite liquor obtained 


from a pulp and paper company was applied at the rate of 0.5 gallon — 


per square yard. As only one barrel of this material was available 
for use, 1t was sprinkled upon the road by means of common garden 
watering pots and ‘‘broomed”’ into the road surface. Application 
was made for a width of 12 feet, and 90 square yards of surface adjoin- 
ing the first section were treated. The material was readily absorbed 


by the road, but did not appear to be as satisfactory a binder as the 


first preparation. 


EXPERIMENT No. 3.—CrRUDE WASTE SULPHITE LIQUOR. 


This experiment was made in the same manner as experiment No. 
2, with a sulphite liquor of 1.049 specific gravity (25° C.), obtained 


from another pulp and paper company. ‘The rate of application was — 
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0.5 Pelion; per square yard, and 90 square yards of roadway, adjoining 
s ection 2, were treated. This material was even more readily absorbed 
than that described in experiment No. 2, and seemed to produce a 
_ less satisfactory surface condition. 


EXPERIMENT No. 4.—CONCENTRATED WASTE SULPHITE LIQuor. 


In this experiment a concentrated liquor of 1.220 specific gravity 
(25° C.), obtained from a third pulp and paper company, was applied 
in the same manner as described in experiment No. 2. The liquor 
__was, however, diluted with an equal volume of water, and the mixture 
_ thus produced was applied at the rate of 0.44 gallon per square yard. 
Twenty-two hundredths of a gallon of the original liquor were there- 
fore consumed per square yard. A section of 114 square yards, 
adjoining section 3, was treated with this material, and the appearance 
_ of the road after treatment was quite similar to that produced by the 
use of the first preparation. 


EXPERIMENT No. 5.—CONCENTRATED WASTE SULPHITE LIQUOR. 


| This experiment was identical with experiment No. 4, except that 
_ the material was used in full strength. A section of 45 square yards 
was thus treated, and one-half of a gallon of the liquor was applied 
per square yard. It was not readily absorbed by the road, but after 
being “‘broomed”’ in produced a well-bonded surface. 


COST DATA. 


While the cost data can not be accurately figured, owing to the 
fact that no charge was made for material and that a number of engi- 
_ neer students took part in the work, the following is an approximation 
_ of the cost of eight-hour labor for the various experiments. 


TABLE 1.—Cost of labor in experiment No. 1 at Washington, D. C. 


) 4 Seuamemorers for bailing liquor, ¢ day, at $2................-...-.-.-------- $1. 50 
Mummememrinkling cart, § day, at $5........-.--------- 2. eee eee e eee eee 1. 88 














IE Ce eA EL Re Res oe cts AL Los be eee eee 3. 38 
ost of labor per square yard (1,093 square yards total), first a raga 0031 
Approximate cost of material per square yard, first application. . 0324 
NNIIIES ime SM a ts se ue ante oe opt wed wie ede e ae 0355 
"two laborers for bailing liquor, 7 day, at $2................-----.-.------ 25 
ETE CE Sr 3 gg 94 
I ert ea) aid Se. oon oboe de $ occeeceareceacee ee 1.19 
# Cost of labor per square yard, second application..........---------------- . 0011 
_ Approximate cost of material per square yard, second application........-.-- . 0088 
Se eo 8 ee ee ee eee 0099 
ISIN VAINIOE Diaper es -< = ot eo en wn oe on we Hn bo ainle we . 0454 
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TABLE 2.—Cost of labor in experiments Nos. 2, 3, 4, and 5 at Washington, D. C. 





Four laborers, ? day, at $2..:.:.020.2. .0.------taes---- ee 5 oe $2. 00 

One foreman, ¢ day,-at $3. 2.0. . oe ae ea ww se ein oe onal oe .75 
Total. 00. oe sea oes Pee en ice Sige oe oe he ee 2.75 

Cost per square yard (339 square yards total)....................0.:....0.52 0081 


SUMMARY OF EXPERIMENTS CONDUCTED AT WASHINGTON, D. C. 


The use of crude waste sulphite liquors as described under experi- 
ments Nos. 2 and 3 proved but little more effective than water so far 
as laying the dust was concerned. for the first six weeks experi- 
ments Nos. 4 and 5 were as satisfactory as experiment No. 1, but owing 
to lack of material it was impossible to make a second application. 
With the exception of No. 1 all of these experiments were made upon ~ 
such short stretches of road that no very definite conclusions could 
be drawn, but all indications point to the fact that the application of 
a solution of about 1.13 specific gravity at the rate of approximately 
0.5 gallon per square yard is fully as effective as the more concentrated 
material. The second application described under experiment No. 1 
laid the dust satisfactorily for a period of six weeks, after which the 
road slowly reverted to its original condition, although the excellent 
binding value of the material was apparent for some time later. 
From these experiments it would seem that crude waste sulphite 
liquor in single applications has but little value for road treatment, 
but that the concentrated material may be classed as a temporary or 
semipermanent dust preventive and road binder. It is_ possible, 
however, that, if crude liquor were applied daily as in: ordinary 
water sprinkling, its use would prove economical in localities where 
it is produced, and that the base would concentrate in the road and 
eventually become a valuable binder. 


EXPERIMENTS AT YOUNGSTOWN, OHIO (1909). 


SLAG, SLAG AND LIME, SLAG AND WASTE SULPHITE LIQUOR PREPARA- 
TION, AND SLAG AND TAR. 


During the summer of 1909 the Office of Public Roads, in coopera- 
tion with the Carnegie Steel Company, conducted a series of experi- 
ments at Youngstown, Ohio, to determine the best method of utiliz- 
ing slag for road construction. 

In the reduction of iron ores, the iron as it melts settles to the 
bottom of the furnace, while the impurities unite with the fluxing 
material to form what is knqwn as blast-furnace slag. While the iron 
varies little in composition, the slag is by no means as uniform, owing 
to variations in the ore and flux. This slag is usually drawn off in a 
molten condition into large ladles holding about 140 tons each. 
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Sc metimes it is run into a large vat of water to form what is known as 
granulated slag, a fine, crispy, glassy product, which is often used as 
a substitute for sand in concrete mixtures. Sometimes the slag is 
_ partially cooled in the ladle. When this is turned out and exposed to 
the air, or when astream of water is thrown upon the cake, it rapidly 
_ breaks down into a fine dust of crystalline structure. As a rule the 
cars are hauled along a track to the edge of a bluff, where the ladles 
_ are dumped, allowing the slag to run out in thin layers to cool. The 
_ surface of the slag bank soon solidifies, but, where the product is 
_ poured from several large furnaces, the banks formed remain warm 
for a long time. It is generally believed that a slag bank should be 
allowed to season for at least two years before the slag is used. 

It is evident that slag, even in the same bank, may vary greatly in 
- composition, in hardness, and in structure. Where slag is deposited 
in large banks, it is most easily excavated by means of a steam shovel 
_ which starts at the bottom and plows up through the material, 
breaking up and, at the same time, mixing the different layers. 
_ One-third of the slag obtained in this manner at Youngstown was 
found to pass a #-inch screen. Of the coarser material about one- 
_ third was less than 14 inches in greatest diameter, while only a very 
_ small per cent was over 34 inches. 

Most of the iron produced in the blast furnaces is converted into 
steel by various processes. In one process the crude metal is further 
purified in what is known as open-hearth furnaces. Here again a flux 
- is used which rises to the surface of the molten mass as slag. This 

slag is run into small cars and formed into cakes about 6 feet square 
_ by 18 inches deep. When cold, these cakes are taken to a ‘‘skull- 
cracker” and broken up in order to separate the large amount of 
scrap iron which is always present. The utilization of this slag has 
been very limited, although it possesses many desirable properties, 
such as extreme hardness, toughness, and, frequently, excellent 

cementing properties. In the separation process a small amount 
_ breaks up into pieces less than one-fourth inch in size, usually with a 
large per cent of ‘‘man size” remaining. 
A number of other slags are also formed in different processes of 
manufacturing steel, but usually in smaller quantities. 
In the experiments at Youngstown the blast-furnace slag was 
taken from a bank that had aged for about two years and the material 
of which came from six furnaces of the same type. A steam shovel 
was used to load the slag from the bank into large gondola cars and 
__ these cars were drawn to a gravity screen, where the slag was dumped 
into a chute and passed over the screen to separate it into proper 
sizes. At first a 34-inch screen was used. The finer screenings fell 
into one car, while the coarser fell into another. The latter material, 
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as a rule, was very soft and crumbly, and was discarded, while the 
former was reserved until an amount sufficient for the work was ob- 
tained. As the slag could be passed over only one screen at a time, 
this proved to be a costly operation. The screened slag eventually 
obtained was quite uniform in character. After it had been properly 
sized, it was taken by rail to a siding about 14 miles from the road 
upon which it was to be used. Here it was loaded into wagons and 
hauled to the road. 

The road improved was located just outside the city limits on Belle 
Vista avenue, running south from Mahoning avenue, for a distance of 
2,754 feet. The soil was a gravelly clay, sticky when wet and dusty 
when dry. The road was level for only 100 feet, while the contour 
elsewhere was rolling. The maximum grade was 4.5 per cent. This 
road is used by the farmers in hauling their produce to town and sus- 
tains also a heavy automobile and a light carriage traffic. As the 
county of Mahoning did all the grading before the Office of Public 


Roads commenced work, no cost data were kept for this item. Grad- 


ing was done by contract at a cost of 22 cents per cubic yard for exca- 
vation. The total cost of excavation for the entire road, including 
the cost of retaining walls, amounted to over $2,000. 


EXPERIMENT No. 1, Section No. 1.—Buast-FURNACE SLAG MACADAM. 


Section No. 1 was constructed as in regular macadam work. The 
first course consisted of blast-furnace slag ranging from 34 inches to 
14 inches in diameter, laid loose to a depth of 9 inches and rolled until 
firm. This material was laid for a distance of about 100 feet on a part 
of the second section by mistake, and after it had been rolled a con- 
siderable amount of material was hauled over it. Though each team- 
ster drove in the same track, only very small ruts were formed—an 
indication that the coarse slag was firmly keyed together. The 
second course was laid 4 inches deep at the center and 24 inches at 
the side, with the same kind of material, varying from ? inch to 14 
inches in size. This was rolled until smooth, but it did not become 
absolutely firm until the top course of screenings ranging from three- 
_eighths inch to dust had been applied. After spreading the screenings 
and rolling slightly in order to fill the voids as completely as possible 
with the fine material, water was applied in the usual way, by means 
of a sprinkler, and the rolling was continued. In a very short time 
the water began to run off the surface, which then became quite solid. 


As the road dried out, however, the surface became crumbly and | 


required additional rolling and sprinkling. When the work was 


completed, about the middle of August, this section was in good con- & 


dition except for one or two small places. From the behavior of this 
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material indications point to the advisability of sprinkling the surface _ 
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every day for about ten days in order to develop the full binding value 
of the slag screenings. 

The cost data for all of the Youngstown experiments are given 
on page 10. 


EXPERIMENT No. 2, Section No. 5.—Buiast-FuRNACE SLAG. 


This experiment was made at the suggestion of the Carnegie Steel 
Company, who wished to ascertain if the cost of construction could 
be lowered without producing bad results. The first course of section 
No. 5 was composed of #-inch to 34-inch slag, laid 12 inches deep at 
the center and 9 inches at the side. Owing to the great range in sizes 
and the method of screening, there was considerable lack of uniformity 
between different loads of the material. Since this course was thick, 
it required more rolling than the other first courses. The road con- 
sisting of this single course was finished in the same manner as de- 
scribed under experiment No. 1, after slag screenings running from 
three-eighths inch to dust had been applied. The surface was well . 
bonded when inspected at the beginning of last fall. 


EXPERIMENT No. 3, SEcTION No. 6.—BLAST-FURNACE SLAG. 


The first course of section No. 6 was laid 9 inches deep with slag 
varying in size from 34 inches to dust. This material, like that em- 
ployed for experiment No. 2, was lacking in uniformity. The second 
course, 6 inches deep at the center and 4 inches at the side, was com- 
posed of 34-inch to #-inch material. Each course was well rolled, 
and the section was finished in the same manner as in experiment No. 


2 and with similar results. 


EXPERIMENT No. 4, Section No. 7.—BuLaAst-FURNACE AND OPEN-HEARTH SAG. 


Section No. 7 was constructed in the same manner as section No. 6, 
except that fine open-hearth slag screenings ranging in size from 
4-inch to dust were used in place of the blast-furnace slag screenings. 
When puddled this material set very quickly and produced a firm 
surface. The open-hearth slag was prepared by crushing the slag 
left at the ‘‘skull-cracker’’ after the ‘‘man-size’’ blocks had been 
removed. Care was taken to prevent iron from entering the jaws 
of the crusher. After leaving the crusher, it was placed in a dry 
roll mill, where it was ground to fine screenings, a large percentage of 
which became dust. This material was taken to the road and spread 
about 14 inches deep. The addition of free lime, as described under — 
experiment No. 5, was not considered necessary, as these slags when 
finely powdered frequently have high binding properties, owing to the 
presence of free lime and silicate minerals which when moistened 
produce a true hydraulic set. 
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ExperIMENT No. 5, Section No. 2.—BuLast-FURNACE SLAG AND LIME. 


Section No. 2 was constructed in the same way as section No. 1, 
except that 5 per cent of powdered quicklime was mixed with the 
slag screenings, from ? inch in size to dust. This addition was made 
to hasten and increase the bond of the road surface by the chemical 
action of the caustic lime, when freshly slaked, on the.mineral con-_ 
stituents of the slag dust. In mixing the two, the fine slag was meas- ~ 
ured out on a mixing board and the 5 per cent of lime spread on the 
top. This was turned twice and then loaded on wheelbarrows or 
shoveled directly upon the road. The slag had been dumped, in 
separate loads, on one side of the road, and, as the screenings were 
spread, the mixing board was moved ahead about 30 feet at a time. 
Upon being sprinkled and rolled, the surface bonded very quickly and 
became solid. It did not become crumbly or ‘‘calk up” under traffic 
as did section No. 1. It was observed that better results were 
obtained from the use of very fine screenings than from coarser 
material. 


EXPERIMENT No. 6, Section No. 3.—Buast-FURNACE SLAG AND WASTE SULPHITE 
Liquor PREPARATION. 


Section No. 3 was constructed in the same manner as section No. 1, 
except that a concentrated waste sulphite liquor preparation of 1.273 
specific gravity, similar to that used in the experiments at Washing- 
ton, D. C., was mixed with water and used to puddle the surface. 
The sprinkler, after having been filled with water, was conducted over 
sections Nos. 1 and 2 and enough water sprinkled on these sections 
to leave space in the tank for the desired amount of the sulphite liquor. 
After this material had been poured into the sprinkler, a hoe was used 
to mix the two together thoroughly. The mixture was then applied 
to the road and, as the solution tended to run toward the gutters, care 
was taken that the center should receive the heaviest treatment. At 
first one part of the liquor to seven parts of water was used, and this 
produced a very thin solution, which penetrated several inches into 
the wearing surface. As the voids were gradually filled, it became 
necessary to add more of the liquor to each tank of water to decrease 
the rate of flow in order that the liquid might not run off the road. 
The last mixture used was composed of one part of water to one part 
of the liquor and only one-half of a tankful was applied at a time. 
This treatment was repeated from day to day as the surface absorbed 
the material. It was found necessary to roll the road shortly after 
sprinkling, because otherwise the surface soon became so sticky that it 
would pick up under the wheels of the roller. After about one gallon 
of the sulphite liquor had been applied to the square yard, a very — 
smooth surface was produced which did not “‘calk up” under traffic. — 


A few days later the surface was found to be badly cracked and blis- — 
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tered for a depth of one-eighth inch, but the material below was solid. 
The section was sprinkled with water and well rolled again, leaving 
the road in good shape, but not as smooth as it was before. 


EXPERIMENT No. 7, Section No. 4.—Buast-FurNacEe SLAG AND REFINED COKE- 
OvEN Tar. 


In section No. 4 the first course was laid in exactly the same manner 
as described for section No. 1. The second course was laid 4 inches 
deep and consisted of a mixture of three parts of slag from 14 inches 
to ¢ inch in diameter to one part of slag varying from three-eighths 
cnch to dust, with about 6 per cent of tar. The slag was heated in a 
large pan until dry and warm to the hand. One-half of the pan was 
used for heating each size of material. The coarse slag was first shov- 
eled into a gauge placed upon the mixing board and the finer slag was 
placed on top. After the two had been turned twice, the tar, which 
had been heated in a two-barrel pot, was poured over the slag and the 
whole was well mixed. The mixture was then shoveled into wheel- 
barrows and carried to the point at which it was spread upon the road. 
The mixture was rather dry and, after rolling, it was found necessary 
to flush the surface with tar. Two large sprinkling cans were used 
for this purpose, after the holes in the nozzles had been enlarged. 
About one-fourth gallon of tar was applied to the square yard, making 
a total of about 14 gallons. A thin coat of slag (three-eighths inch to 
dust) was now spread over the surface and rolled in to fill all voids and 
to take up any surplus tar. 

This tar was obtained from a by-product coke- -oven plant at Sharon, 
Pa., where it was also refined by distilling off about 17 per cent of if 
lighter oils and water. Its characteristics are shown in the following 
table. When last inspected, at the beginning of fall, this section was 
in excellent condition. 


TABLE 3.—Analysis of refined coke-oven tar .@ 








25 te er Pe a oS sew et ce aes tee a Lage? 
CEES) WS a loz 
Per cent of free carbon (insoluble in CS,, air temperature)..........--..------ 13.11 
are : Per cent Per cent 

Distillation: by volume. by weight. 
I As A ee a 0.0 0.0 
LEGO SA 6  S eon  e .0 .0 
nT tOUN FIO o1 70> Coe. ne oa hoe o.oo ee ade eee 53.8 8. 2 
LE NR ee a re c 26.6 23. 4 
MENS ree Coe yn te eke se ns eee ene cece d 69. 6 73.4 
100. 0 100. 0 

@ Viscous. 


6 Distillate practically solid when cold. 

¢ Distillate showed about one-third its volume precipitated solids when cold. 
d Pitch residue, hard, brittle, fairly lustrous. 
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EXPERIMENTS AT ITHACA, N. Y. (1909). 






_ TAR, OIL, ARTIFICIAL ASPHALT PREPARATIONS, BRICK, CEMENT, AND 
a SLAG. 


E che experiments at Ithaca were conducted by the Office of Public 
- Roads in cooperation with Cornell University for the purpose of 
~ ascertaining the relative value of different road binders applied in a 
number of ways under given conditions. According to previous 
_ arrangements, the university furnished all stone, machinery, and 
necessary labor; various manufacturers donated the bitumens, brick, 
_ cement, and slag; and the Office of Public Roads paid freight charges 
— onall donated material and furnished supervision of the work. When 
so desired the manufacturers had a eu ye present during 
_ the application of their material. 
4 In the experiments where bitumens were employed as binders an 
attempt was made to try out all materials according to two methods 
_ of construction, known as the penetration method and the mixing 
method. Work was begun so late in the summer, however, that it 
was found impossible to finish it before winter. It was thought best, 
therefore, to stop work in December and wait until spring to complete 
the experiments. 
With the exception of the brickwork no section was selected in 
_ advance for any given product, but each material was used in the 
_ order of its arrival at Ithaca upon the first section available. The 
brick was purposely laid on that section of road subject to the heaviest 
traffic. The sections mentioned in the following descriptions run 
east from the west extremity of the road. The road selected for 
these experiments is known as the Forest Home drive, and, beginning 
at Central avenue just west of Sibley College, runs east to the city 
limits, 3,000 feet. Arrangements were made to use as much of the 
state road No. 681, running from Ithaca to Dryden, as experiments 
_ required. This state road is a continuation of the one originally 
selected for the experiments. During 1909, about 3,900 feet of road- 
way were laid. | 

The road is subjected to a rather heavy automobile traffic and a 
considerable amount of country traflic the year around. That part 
lying between Central avenue and the bridge (about 800 feet) is 
subject to a large amount of heavy hauling. During the winter 
months the frosts are very heavy and the road is generally covered 
with snow. 

From station O at the west end to station 8+50 the earl passes 
over a well-formed foundation of gravel. Street-car tracks cross the 
road from East avenue at station 6+15 and these run parallel to the 
road as far as station 7+50. Here a 6 per cent grade extends to 
[Cir. 92] 
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station 9+50. From station 8+50 to station 12 the old road had 
been cut to reduce grades and exposed a layer of clay-bearing quick- 
sand, which disappeared at station 13. At this place the earth was 
excavated to a depth of about 44 feet and refilled with shale shuck. 
This filling, when well rolled, gave a very fair foundation. <A 5-inch 
tile was placed at the bottom of this excavation, next to the hill, on 
the south side of the road running to station 6+ 75, for the purpose 
of draining the subgrade and preventing seepage from the sidehill. 
For the same purpose a 5-inch tile was placed on the south side of 
the road from station 12 to station 15+50. This foundation held up 
well when the road was completed. From station 15 to station 22 


the subgrade was excellent. That part from station 15 to station 


20 lies so that the sun strikes it throughout the day. At station 22 
quicksand was again encountered on the right side of the road looking 
east. This sand gradually extended into the road, underlying its 
entire width, from station 25+50 to station 29. A 5-inch tile was 
placed on the road next to the hill running from station 27 to station 
21, and, in like manner, a 4-inch tile from station 27 to station 30. 
As the quicksand was not as bad as on the first hill, the university had 
previously constructed an ordinary macadam road at this place, 
depending upon the tile and additional 4 inches of stone to make the 
road firm. As the road was being completed, however, it was noticed 
that the foundation waved somewhat under the roller. When finished 
the road appeared quite firm and, if the tiles are kept open, the foun- 


dation should continue to improve. All tile for this work was 


covered with either shale shuck or ashes. The road lying between 
stations 30 and 39 passes over an old roadbed where the subgrade is 
very solid. Most of the road runs along the bank of Beebe Lake and 
is about 20 feet above the water. 


The labor employed was unskilled and consisted of the regular 


campus force, together with a few extra men. Common labor was 
figured at $1.50 per 9-hour day, foremen at $3, and double teams at 
$3.50. The stone used was a hard blue limestone, costing 65 cents 
per ton f. o. b. cars at the shipping point about 60 miles away. Freight 
on this stone amounted to 50 cents per ton. The cost of constructing 
the experimental sections described below is of course excessive, 
owing to the shortness of the sections and the constant rearrange- 
ment of labor which was made necessary by the variety of work. The 
crude machinery and heating apparatus which had to be used also 
added greatly to the cost. 

The road was 16 feet wide and had 3-foot shoulders on each side. 
When the Office took charge of the work the first course of stone for a 
distance of 3,000 feet had been laid by the university. This course 
was composed of crushed stone, ranging from 14 to 34 inches, placed 
4 inches deep when loose. After rolling, a sand filler was applied, 
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until all voids were filled, and the road was again well rolled. A 
?-inch crown was adopted for all of the bitumen work. The bitumens 
were heated in a 10-barrel tank fitted with a fire box and mounted 
on wheels. Scrap wood was used for fuel. The bitumens were fed 
into the tank through a manhole in the top and, when heated, 
were drawn off through a spigot placed just over the fire box at the 
rear of the wagon. Owing to this arrangement the entire contents 
of the tank had to be brought to the desired temperature before draw- 
ing off. If any attempt was made to feed in fresh material during 
application, the cold bitumen, by settling on the bottom, would clog 
the valve. Two 2-barrel iron soap kettles were also used for heating 
the bitumen while the large tank was being recharged, but in spite 
of this the work was often delayed for lack of hot material. When 
the bitumen was sufficiently soft to flow, the barrels were rolled on 
skids to the top of the tank, the head knocked in, and the material 
drained into the tank. As there was only sufficient room to drain 
one barrel into the tank at a time, this operation consumed a great 
deal of time. Two flat $-inch steel stone heaters, each having a heat- 
ing surface of 80 square feet, and a semicylindrical section of an old 
boiler were employed for heating the stone when required. The two 
former were used for heating coarse stone and the latter for screenings. 

A portable concrete batch mixer of the old McKelvey type was 
used in mixing both the bitumen and the cement concrete. It was 
driven by a gasoline engine connected by a chain drive. In the bitu- 
minous mixtures segregation of the various sizes of stone occurred 
to some extent while the concrete was being discharged, as the coarse 
stone came out first, while the finer material stuck to the sides of the 
discharge funnel, without, however, completely clogging it. Wheel- 
barrows loaded as nearly alike as possible each time were used in 
proportioning and transporting the mineral aggregate from the heat- 
ers or storage pile to the mixer. An old 12-ton steam roller was used 
in the greater part of the work, but was later replaced by a new 10- 
ton roller. 


EXPERIMENT No. 1, Section No. 1.—ReEFINED CoAL TAR—PENETRATION METHOD. 


The section treated in this experiment was 300 feet long and began 
at station O. The wearing course of stone, which ranged in sizes 
from 14 inches to 4 inch in its largest dimensions, was laid 4 inches 
deep when loose. As this stone contained considerable fine material 
and was damp when laid, a steel harrow was used to stir it until dry 
and to work all dust to the bottom. This proved to be a very satis- 
factory method and left a fairly even surface of coarse stone on top, 
which was then rolled until firm. The binder used in this experiment 
was a coal tar, showing the following properties: 
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TABLE 5.—Analyses of refined coal tars. 




















Heavy.@ Light. 
Specific‘cravity 25°/25> Gan. oat ce os Bake erate 1. 248 1. 215 
Float test at 32°C (time) ooo a ee ee 9’ 36” 1 BY 
Per cent of free carbon (insoluble in CSo, air tempera- 
TUTE) he ee re re ena he er ee ee ee 23.95 19. 36 
Per cent Per cent Per cent Per cent 
by by y by 
volume. weight. volume. weight. 
Distillation: == ae 
Wistert) cheek i} eve SEM foe io PS OnE oe oh RS OL 8 0.0 0.0 0.0 0.0 
Kirst Ligh tolls toa 102% ©) oe eee ee ee eee ee .0 .0 372 s2 
Second light oils, 110°-170°C.........-. Be © ta teeee e1.2 .9 d 3.2 2.5 
Dead oils. V70e=270°' CL eee oa eee ee ee ee e 20.2 16.7 f 29.6 25.8 
Pitch residue:3 22th AVA See eee eee ted 978.6 82.3 9 67.0 72.0 
: 100. 0 99.9 100.0 99.8 





a Extremely viscous. 

b Viscous fluid; sticky. 

c Distillate showed about one-half its volume precipitated solids when cold. 

d Distillate showed about three-fourths its volume precipitated solids when cold. 
e Distillate showed about two-fifths its volume precipitated solids when cold. 

f Distillate showed about four-fifths its volume precipitated solids when cold. 

g Pitch residue hard, brittle, slightly lustrous. 


This material was very viscous and flowed slowly from the barrel 
when cold. In order to facilitate handling it was found advisable 
to warm the tar for some time before attempting to load the heating 
tank by placing the barrels near a coke fire, built in a small portable 
furnace. The tar was finally heated in the tank to between 250° and 
280° F., and then drawn off into coal scuttles fitted with strips of 
metal which were riveted across their spouts, so as to give an opening 
44 inches across and one-half inch wide. The hot tar was then poured 
upon the prepared road surface at the rate of approximately 14 gallons 
per square yard. Thesurface was given a light coat of screenings (one- 
half inch to dust) and then rolled; and more screenings were applied 
from time to time until the surface became firm. The road was allowed 
to remain in this condition for about two weeks, after which the surplus 


screenings were swept from the surface with rattan hand brooms..: 


A lighter tar than that previously used was then heated, poured 
upon the surface, and ‘“‘broomed” in. The properties of this tar, 


which was applied at the rate of approximately one-half gallon per. 


square yard, are also given in Table 5. Screenings were again applied 
in sufficient quantity to fill all surface voids and take up the surplus 
tar. This made the surface smooth and solid when rolled. 


EXPERIMENT No. 2, Section No. 2.—REFINED Coat TAR—Mr1x1ne METHOD. 


Section No. 2 adjoins section No. 1 and extends east for a distance 
of 300 feet. In this experiment crushed stone ranging in size from 
14 inches to $ inch was laid to a depth of 14 inches on the foundation 
course and rolled until firm. Crushed stone heated in the manner 
previously described was proportioned as follows: Six parts, by weight, 
of from 14 to 4 inch stone to one part from 4 inch to dust. These two 


sizes of stone were measured in wheelbarrows and carried to the mixer. 
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The coarse stone was first dumped into the mixer and about 6 per 
; “cent, by weight, of hot tar added. After the mixer had made two 
turns, the screenings were dumped in and mixing continued until the 
stone had become thoroughly covered with tar. The mixture was 
_ dumped upon a platform where it was shoveled into wheelbarrows, 
taken to the road, and spread to a depth of 24 inches. The tennis 
Bi caregate as laid was not entirely satisfactory, owing to the segrega- 
tion that took place upon being discharged from the mixer, and to the 
~ fact that the stone furnished for this work was not uniform. Part of 
_ the larger size consisted entirely of stone 1} inches in size, while part 
~ contained much fine material. The tar used on this section was the 
same as the heavy product described under experiment No. 1. 

__ This course was well rolled after a light coat of stone chips one-half 
to one-fourth inch in size was spread over the surface to keep the tar 
from sticking to the roller wheels. While rolling, more chips were 
_ added as required. When thoroughly rolled, the surface was painted 
~ with about one-half gallon of tar to the square yard. Enough stone 
chips were then added to take up all surplus tar and fill the voids. 
This section, when finished, presented a smooth, firm surface. In 
about two months, however, one spot showed signs of raveling. Four 
_ small patches were made at this place by cutting out the defective 
surface and refilling with hot stone. Tar was then poured over the 
~ new stone and the surface well tamped. Sections 1 and 2 were opened 
to traffic shortly after completion. 





_ EXPERIMENT No. 3, Section No. 4.—ARTIFICIAL O1L ASPHALT—Mrx1na METHOD. 


Section No. 4 extends from station 9+ 25 to station 12. The wear- 
ing course was mixed in the same manner as in experiment No. 2, 
— except that an artificial oil asphalt, heated to between 250° and 300° 
__F., was used in place of the tar. Upon examination this material 
showed the following properties: 


TABLE 6.—Analysis of artificial oil asphalt © used in experiment No. 8. 


(00 ice on a oe ee ied we te on Seen oa 0. 996 

Sue oint °C. (cube method) ....°.........-.. 22.2... 2202-2 eee eee 55 
a 1 2) 5f 14’ 
metenetration (No. 2 N, 5 seconds, 100 grams, 25° C.)....-..---.--.---------- 82° 
ener fossa 163° ©., > hours (20 grams)... =. .-.----.------2-5-++----4-- 1. 97 
nmnTi-g! residue (asaDove)... 0.25... 22-2... 2222-2 eee ee 64° 
' Percent of total bitumen insoluble in 86° paraffin naphtha.........-..----.-. 23. 96 
EE ETL SS ES PR) Od ee SS ee 8. 42 


Per cent of bitumen soluble in CS,, air temperature (total bitumen)..........-- 99. 69 
CTs ea 8 0S 0 0 nn oR ay 
ESTOS Ga CI SA ae ee . 20 








a Dense, semisolid. 
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This product was shipped in sheet-iron drums, holding about 56 
gallons each. In handling it was found convenient to cut the ends 
of the drums free and also to cut a seam down the side. The drums 
were then rolled upon two small iron rails over a fire. In this manner 
a thin layer of melted oil was formed next to the metal and this per- 
mitted the casing to be easily removed. The cakes of asphalt were 
then cut up by means of a wire and thrown into the tank heater. 
After coming from the mixer, the coated stone was shoveled into 
dump wagons and hauled 500 feet to the road, where it was dumped 
upon a board and shoveled into place. Owing to this method of 
handling, a much more uniform mixture was obtained than in experi- 


* ment No. 2. It was found that the course of bitumen-coated stone 


could be rolled before adding stone chips. This section did not 
require a paint coat of bitumen and was completed by rolling in stone 
chips as in the first two sections, in order to produce a finished surface. 


EXPERIMENT No. 4, Section No. 12.—ArtiriciaL Or, ASPHALT—MIXING METHOD. 


Section No. 12 is a part of the state road No. 681. The foundation 
course of crushed limestone running from 2 to 4 inches in size was laid 
2 inches loose and rolled solid after a sand filler had been added. 
The course of bitumen-covered stone was laid directly upon this foun- 
dation in the same manner as described in experiment No. 2, and an 
artificial asphalt showing the following chafacteristics was employed 
as a binder. 


TaBLE 7.—Analysis of artificial oil asphalt « used in experiment No. 4. 











ppeciic gravity:20°/25° -O.-. 5. 2s. edna as Gee-- 45 eek oe oo) cele 0. 964- 
Bioatitestiatl00° C. (time)s.. 0. 02. 6.34 Seo ey, Be Lez 
Melting point °C. (cube method) .< <2... 2.2. .sies2.204%-42~2e5 34s 5 oe 67° 
Penetration (No. 2 N, 5 seconds, 100 grams, 25° C)_... . ..... 4.2... 3. Se 168° 
Per cent of loss at 163° C., 5 hours (20 grams). -... .% .... 2... 2. 7 ee 0. 85 
Fioat test on residue at 100° C. (time): . .. 22... 24... te ee 14.294 
Per cent of total bitumen insoluble in 86° paraffin naphtha. ................ 22.0 
Fer cent of fixed carbon. . 322 .<...0-42-¢2 402-0 Hes Cone ee 8. 60 
Per cent of bitumen soluble in CS,, air temperature (total bitumen)......... 99. 74 
Organic matterinsoluble::-. 22. 32.2 oe oo, ee eee ei 12 
UMGPEATIIC TONAL: Jo and: < wie ot oe os Oe nC eee pies oes oe wi oe .14 

100. 00 


Owing tocold, damp weather this work was very much handicapped. 
The oil-asphalt was shipped in 42-gallon barrels which had been 
coated inside with whitewash. This made it possible to strip the 
staves from the material so that it could be readily cut up by means 
of a wire. This course did not bond well and had to be painted in 
order to obtain a satisfactory surface. About 14 gallons of asphalt 
were used to the square yard. 





@ Dense, semisolid. 
[Cir. 92] 






‘, pee 


a | 


iy 


EXPERIMENT No. 5, Section No. 5.—REFINED SEMIASPHALTIC O1L—PENETRATION 
METHOD. 
The surface of section No. 5 was constructed in the same manner 
as No. 1, except that a rather fluid semiasphaltic oil, having the prop- 
erties given below, was used. 


TABLE 8.— Analysis of refined semiasphaltic oil.4 





EES ict (a i ig a ae a 0. 955 
nom CNG TE Pewee 2. S72. cle a ee ces eee eee eke 58/7 
I EIPCODCH CUD hire Por ots ev 119° 
Ie SCUDOTMCI DC retake CEI IS xed ea eo... il 155° 
Sueenit of loss at 163° C., 5 hours (20 grams)... .......2..22.2.2005---205- 13. 4 
recigue? af, 30° C. (time) <<. -/.. 0. le nee dn ee eee eee een Ba K 
Per cent of total bitumen insoluble in 86° paraffin naphtha. ................ 14. 99 
ES a9 aT eg eh a ng 6. 35 
Per cent of bitumen soluble in CS8,, air temperature (total bitumen)......... 99. 82 
IIE EIDICO LEY nee ee oS en chnig sole nse dinin wie os wel e bs a: 
SEE PESSS TAYTO) LL 0] ge a er eats ee ee 07 

100. 00 


This material was heated to between 210° and 240° F. It could 
be easily handled and run from the barrels into the tank-wagon 
without trouble. Application was made at the rate of about 14 
gallons to the square yard. It was found unnecessary to paint this 
course, since the oil worked to the surface under the action of the 
roller after applying the stone chips. The section was in good 
condition on December 2. 


EXPERIMENT No. 6, Secrion No. 6.—SEMISOLID REFINED SEMIASPHALTIC OIL— 
PENETRATION METHOD. 


Section No. 6 was built in the same manner as section No. 5, 
except that a different semiasphaltic oil was used. The results of 
the examination of this material are given in the following table 
under No. 1: 


TaBLE 9.—Analyses of semisolid refined semiasphaltic oils. ¢ 




















No. 1 No. 2 

De eg ee ce nn no sis cp rn genie ee 4neeerawe 0. 985 0. 989 
IIE MUCPECULITIG) Or ss Le ek tee es acc cc ks clecic sce cuiciecewisceces cs 1” 54” Ue5G6e 
IEEE COT TIOLNOU): 2 coo Se oe <a wn oe so wicnc saeco cw csc ecceccces-fsccn-cteeses 36° 
memrion (NO. 2 N, 5 seconds, 100 grams, 25° C.)...........-.-.-------02---05- 247° 196° 
meeenieon toss At 163° C., 5 hours (20 grams) ..............-...-.-.-.--eeeeee--e- 0. 00 0.04 
EMEIEIEGIETCSICIIG. (AS. ADOVE)-.n 5. ot = a nn oe ee Se coe bce cee cesses 160° 142° 
Per cent of total bitumen insolubie in 86° paraffin naphtha............-..--.-.-- 17. 41 20. 02 
EE MIM etalon Choe es, hy cals dos ace we Gaciecdlnademaace< 11. 20 11. 53 
Per cent of bitumen soluble in CS&:, air temperature (total bitumen)............. 99. 86 99.77 
IIRL Gt Oe eat ee oe eee. oe oo fe eitew cows dasacbes 09 05 
ed acy sae dint nectractce aces cose ns ainncene 05 .18 

100. 00 100. 00 








a Viscous, slightly sticky. 
b Character of residue, slightly fluid, somewhat sticky. 
¢ Semisolid, sticky. 


41513—Cir. 92—10 2 





18 | 


In this case it was found impossible to pour the oil from the wooden 
barrels, and it was therefore necessary to knock off the hoops and 
throw the barrels, with their contents, into the small heating kettles. 
The oil was then heated to about 350° F. and the staves were used as 
fuel as they floated to the top. The surface of this section was not 
painted. Stone chips were applied and rolled in, making a smooth, 
firm surface, which was in good condition when last inspected. 

The manufacturers had shipped two products, one to be used 
according to the penetration method and the other according to the 
mixing method. Owing to great similarity in the markings on the 
barrels, and to the fact that there was hardly a perceptible difference 
in the appearance of the materials themselves, over 200 feet of the 
section were laid with the product intended for the mixing method 
before the mistake was called to the attention of the engineer in 
charge by the agent of the company. The remaining 90 feet were 
laid with the material intended for the penetration method described 


in the analysis as No. 2. When last inspected there was no apparent 
difference in the results obtained from the two products. 


EXPERIMENT No. 7, SEcTION No. 8.—REFINED WATER-GAS TAR—PENETRATION 
METHOD. 


Section No. 8 was constructed in the same manner as section No. 6, 
except that refined water-gas tar was used instead of the oil. Both 
the tank-wagon and the two kettles were used in heating this material, 
which was first warmed in the barrels, as described in experiment 
No. 1, and then poured into the kettles or tank and raised to a tem- 
perature of 275° C. The characteristics of this material are shown 
in Table 10. 

The tar-coated course, after stone chips had been applied, rolled 
down into good condition. On part of this section more tar was 


applied than had been intended, during the unavoidable absence of. 


the engineer in charge. Owing to the excess of tar the surface did 
not require a paint coat; in fact, a large amount of stone screenings 
was found necessary to take up the surplus tar. 


TaBLE 10.—Analysis of refined water-gas tar.@ 





Specific gravity 25°/25° Ce... 25.2... oes 69. ee oe ee 1. 158 
Pioatitest'at'32° C. (time):..0.. 2.0.2 et So ee i 5’ 10” 
Per cent of free carbon (insoluble in CS,, air temperature).................--- 1.15 
Distillation: by volniten aig ae 
WY ALET Dyes po ewe So A er ee ena a rn 0.0 0.0 
First light oils:to:110°: Ci Ae eee eee oe ee eee 4 3, 
Bacond.light oils 110°-L70°°G tte cast. eee ay .5 
Dead ‘ois "170°“270° Cues: . Se ee ee 6 33. 2 29.1 
Pitch TrOmidue.... pun. w.c:c'n o's pegs cdolag Is Rea EHEUE oa e ee ¢65. 7 69. 4 

100. 0 9.3 





a Viscous, sticky. 
5 Distillate showed a trace of precipitated solids when cold. 
¢ Pitch residue hard, brittle, and lustrous. 
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RIMENT No. 8, Section No. 9.—REFINED SEMIASPHALTIC O1L—PENETRATION 
; k METHOD. 
bon section No. 9 a viscous semiasphaltic oil (see Table 11) was 
usec , according to the same method as described in experiment 
.5. This oil was applied at the rate of 2 gallons per square yard, 
al the request of the manufacturers’ agent, who was present at the 
time. The oil sweated to the surface upon rolling, and it will undoubt- 
edly be necessary to apply stone screenings from time to time until 
all excess of oil is taken up. ‘The section was left in good condition 
or December 2. 





























= TaBLE 11.—Analysis of refined semiasphaltic oil.a 
Specific SE RAO Tae ttLe ee Ue ie OS 0. 993 
SI) (LAIN CJ os Sel ed oo 22 os See ee le 24 20% 
I OCT CTD ian 3 sane hp coi Spinone yas thie wee eens lene ody 234° 
RY SST Ye» 298° 
Seemeent of loss at 163°, 5 hours (20 grams)> _................2.0.02.02-2000- . 90 
mumetvest On residue at 35° C. (time)..-....... 2.22.0... kee eee eee eee 4! 35/7 
Per cent of total bitumen insoluble in 86° paraffin naphtha. ................ 12. 70 
CeMLCOTDO UME eo er eee eee eee 9. 45 


Per cent of bitumen soluble in CS,, air temperature (total bitumen)......... 99. 65 
TIS Sy hl S  O O . 26 


RE er chip's logan als cine divin. «ip brs oe wie . 09 
al 


= 100. 00 


:: IXPERIMENT No. 9.—Section No. 10.—ReFIneD WatER-Gas TAR AND SLAG— 
PENETRATION METHOD. 

Beection No. 10 was only 100 feet in length. The top 4 inches were 
a omposed of open-hearth slag, crushed and screened to between 
4 three-fourths inch and 3 inches in the largest dimensions, and then 
1 rolled until firm. About 1 inch of from three-fourths to one-fourth 
inch crushed slag was then spread evenly over the surface and rolled 
down. A heavy refined water-gas tar, showing the following prop- 
erties, was poured over this course in the usual manner. 


I 
, 
q 


; TABLE 12.—Analysis of heavy refined water-gas tar.¢ 

SEE TRY che ee Se a ee 1. 167 
ai Ee voat IMAG ere AS Pee. ek sec eee ces 227 ia 
Per cent of free carbon (insoluble in CS2, air temperature) . pe 82 E55 4d i oh 2. 09 








+4 Per cent Per cent 
a eilation: by volume. by weight. 
Mvater............ ns «i Saiet i alle A nei Sie a 0. 0 0.0 
MITTS I U2 Ooe ct ite SS 0.5 0. 4 
Seeman os 1102-170° Co. y2 co stas ad fee ato. lol. 3.0 Tbgs 
ala dal ER Sa SS an a, Se ly a ee d 29.0 25. 2 
Er eS eters ccs Rca eee nie €67.5 ya ey 

100. 0 99.3 





a Viscous, fairly sticky. 

b Character of residue, dull and granular. 

¢ Very viscous, sticky. 

 @7Pistillate showed about one-tenth its volume precipitated solids when cold. 
_ €Pitch residue, hard, brittle, and lustrous. 
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This tar was of such consistency that it had to be handled in the 
same manner as described for the semiasphaltic oil in experiment 
No. 6. Fine slag, from one-fourth inch to dust in size, was rolled into 
the tarred surface and made a smooth, firm road. After this section 
had been completed, mud was found coming through the surface 
in one place where the foundation was soft. About 2 square yards 
of the surface were, therefore, taken out and the mud removed and 
replaced with good gravelly soil well tamped. Slag was then applied 
and more tar added, after which the patch was tamped solid. 


EXPERIMENT No. 10, Section No. 7.—KeEntucky Rock ASPHALT. 


The stone for section No. 7 was laid to the same depth as in section 
No.1. The bonding material in this case was Kentucky rock asphalt, 
obtained from the same source as that used in the experiment at 
Bowling Green, Ky., which was reported in Circular 89. Uponanalysis 
this material showed the following characteristics: 


TABLE 13.—Analysis of Kentucky rock asphalt. 


Per cent soluble in CS8,, air temperature (total bitumen) .................-. 6. 73 

Per cent of mineral matter. .........02c.. orc. secs s ses oop ee rr 93. 27 
Per cent retained on 10-mesh sieve. .-.....:2.....s6/25:--252 see 1.0 
Per cent passing 10, retained on 20 mesh...._.:....+...)..-. 4. 3.0 
Per cent passing 20, retained on 30 mesh.................-.- . 5 ee 5.5 
Per cent passing 30, retained on 50 mesh.:.../... 20101)... 02 ee 43.0 
Per cent passing 50, retained on 80 mesh:-7.2l7220....2..._. 2. eee 35. 0 
‘Per cent passing 80, retained on 100 mesh. . ..-...-...-.-.---..--+----- 4.5 
Per cent passing 100, retained on 200 mesh..:.....-.....1.:...22 eee 4.5 
Per cent passing 200 mesh... 20.0... 3. een ie ac oe ae in oe Bet 

100. 0 

Extracted bitumen: 
Specific‘eravity. 25°/25° Ole ose kee een oh ae + noe ee on 1. 027 
Per cent of ‘loss at 163°, 5 hours (20 grams) @: Yl 2i2..222 5222). ee 5. 41 
Per cent of mineral matterso:2.2.2/.414 421007 2012 92. Se 1. 76 
Per cent of bitumen insoluble in 86° paraffin naphtha.................- 18. 10 
Per cent-ofifixed carbon! 5.2.2: ats o.oo eee Oe en 10. 83 


The product was shipped in an open car. When shoveled into the 
wagons it was found necessary first to use picks to loosen up the 
material. Before spreading, the upper course of stone was rolled 
until firm and then the asphalt was shoveled from a dumping 
board into place to a depth of 14 inches over the east half of the 
section. On the west half one-half inch was first applied. A harrow 
was then passed over the material for a few times in order to work 
it into the stone, after which the course was rolled once to smooth up 
the surface. The rock asphalt was then applied to a depth of 1 inch 
more on the west end and the whole surface rolled. During a cold 
spell of ten days it was found impossible to finish this surface satis- 
factorily, since it tended to crack under the roller. When the 


@ Residue semisolid, soft, sticky. 
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weather became warmer, however, it was finished off in good condi- 
tion. When rolling it was found necessary to cover the roller wheels 
with dust in order to prevent the asphalt from picking up. On 
December 1 the road was in excellent condition and showed no signs 
of calking, as it had the first week after laying. No difference could 
be seen between the two halves of this section. 


EXPERIMENT No. 11, Section No. 11.—Opren-Heartnu Siaa. 


Section No. 11 was constructed in the same manner as section No. 
10, except that no bituminous material was employed; slag screenings 
from one-fourth inch in size to dust were used for a binder, as in ordi- 
nary macadam work. Owing to its hardness and the lack of very 
fine material or slag powder and to the rather soft subgrade, it was 
found impossible to obtain a good bond. The fine slag was com- 
posed mainly of gritty, sand-like particles, which would not pulverize 
under the roller and produce the very fine dust necessary to give 
satisfactory results. This would indicate that a certain proportion 
of the open-hearth slag screenings should consist of finely ground 
material in order to bind well. For the purpose of accelerating the 
binding properties of the slag through chemical reaction, as described 
in the Youngstown experiments with blast-furnace slag, unslaked lime 
wasspread over thesurface androlledin. Thesurface was well watered, 
but did not show up as well as the slag work at Youngstown. 


| Bxperment No. 12, Sections Nos. 15 anp 14.—(a) CEMENT CONCRETE. (6) Bitu- 





MINOUS-SURFACED CEMENT CONCRETE. 


(a) The foundation course of section No. 15 was laid 4 inches deep 
and consisted of crushed limestone from 2 to 4 inches in size. The 
wearing course was composed of concrete made of one part Portland 
cement, two parts sand, and five parts stone. The results of the 
examination of this cement are shown in the following table: 


TaBLE 14.—Ezamination of Portland cement. 


TGS DE Ie ge en a oe abee 
LCE (NEU) ) nan 2a ow eine ee eg se eee ye eee 3. 30 
SRI HEUTC ANICVOTIUG (9U.)---4.°2--..- 2222 soe et eee eee ee ok 1.55 
Fineness: 

REE SCLOINGIM Ol LOO Mesh. in eet te ves ct). bois oe eres see dem eek, 24.8 

ETT Ne COI CU MES. 20 aa. oe - = ica =< tine He ee ees + yee Lt 8 
Time of setting: 

CR re tee ery, ee ee ES OT Me 2 hours 40 minutes. 

ES ibed pe aE 4 RS BO Oe ooh Ae pa ee ee ee 6 hours 30 minutes. 
Tensile strength: 

Neat, 24 hours in moist air (pounds per square inch).....-.....-.-..---- 258 

Neat, 7 days (1 day, moist air; 6 days, water) (pounds per square inch). 528 

Neat, 28 days (1 day, moist air; 27 days, water) (pounds per square inch) . 728 

1 cement: 3 sand;%7 days as above (pounds per square inch)..-....-.... 186 

1 cement: 3 sand; 28 days as above (pounds per square inch).....-...-- 275 


@ Standard Ottawa sand used. 
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Constancy of volume: 
Pat in air.28.days.5 2... 9.6 sseeereis= fp £35450 ee ta be 2 Sound. 
Pat in water 28 days... decane ap ¢ so en oi be ee Sound. 
Pat over boiling water, 4 hours. ........--.2..--.-c..-.ssc- se nn Sound. 


The sand used was a fine, clean product, the best that could be 


~ tu eared 


obtained in the immediate vicinity. The stone was of the same kind © 


as used throughout these experiments, coming in two sizes, one 


ranging from 1} to 2} inches, and the other from 4 to 14 inches. 
Two boxes, one holding 6 cubic feet and the other 1 cubic foot, were 
used to determine the proportions in which these two sizes could be 
mixed with the lowest percentage of voids. Six cubic feet of the 
two materials were measured out in varying proportions, mixed on 


a mixing board, and shoveled into the larger box, where the depth — 


of stone was measured by a rule placed in one corner of the box 
before the stone was shoveled in. The mixed stone was leveled with- 
out reference to its depth before a reading was made. The following 
results were obtained from different trial mixtures. 


TaBLE 15.—Results of trial mixtures of cement concrete. 





: 13-inch to 2}- 4-inch to 11- Depth in 
No. of mixture. inch stone. inch stone. inches. 
Cubic feet. Cubic feet. 
1 3 3 15.75 
2 4 2 15.5 
5 34 24 15. 25 
4 4 2 15.5 
5 24 34 15.5 
6 6 0 16. 25 
7 32 24 15 
8 32 24 15 


This shows for the mixtures tried that 3? parts of the 14-inch 
stone to 241 parts of the $-inch stone gave the lowest percentage of 
voids. By taking eighteen shovelfuls of material to a wheelbarrow 
load, the proportions worked out roughly to two wheelbarrows of 
the covered stone, containing fifteen shovelfuls each, to one barrow 
load containing eighteen shovelfuls of the finer stone. These propor- 


tions were followed as nearly as possible in carrying out the work. — 
The concrete was mixed in the mechanical mixer, hauled 300 feet — 
in a dump wagon and dumped upon a mixing board, from which ~ 
it was shoveled into place and raked with steel hand rakes to con- | 
form to the desired crown of the road. At first the concrete was 
made rather dry, but as it was found that the voids were not being © 


properly filled, more water was added, and the mixture was then 


raked and tamped until the mortar flushed to the surface. After — 
this the surface was rolled until fairly smooth with a concrete — 


roller 24 feet long by 18 inches in diameter. The finished surface, 

while somewhat rough, was uniform, except where the mixture 

was made too dry. Cold weather made it necessary to cover the 
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rete with leaves immediately after it was rolled. The whole 
‘operation, from the time the concrete went into the mixer until it 
w as covered up, averaged about forty minutes. 

(bd) The first 30 feet of section No. 14 were coated with the artificial 
‘ Sil. asphalt described in experiment No. 4. This material was 
~ applied hot at the rate of 1 gallon per square yard and was covered 
with stone chips. The bitumen did not adhere very well to the cold, 
damp surface. After the concrete was laid the road was kept 
- closed for about fifteen days, and on December 2 the entire road was 
in good shape, except in one place, where a retaining wall should be 
= 

# * EXPERIMENT No. 18, Section No. 13.—AsH-CEMENT-CONCRETE SECTION. 
~The foundation course of section No. 13 was constructed in the 
| “game manner as section No. 12. At the request of Cornell University, 
- aconcrete composed of six parts of ashes from the college heating 


_ plant, two parts of sand, and one part of cement was Seiko and laid 
in the manner previously described in experiment No. 12. This sec- 
_ tion was rolled with the small hand concrete roller until water flushed 
tothe top. Upon setting, the road became hard and appeared quite 
"satisfactory. 

EXPERIMENT No. 14, Secrion No. 3.—Bricx. 

Section No. 3 extends from the inside of the west rail of the street- 
ear track, crossing the road to station 9+25, a total of 526 square 
5 yards in all. After the erading had been completed, a foundation 
course was laid in the same manner as described for sections Nos. 
1 and 2, except that the voids were well filled with screenings from 
; one-fourth inch in size to dust, instead of with sand. Where the car 
_ tracks cross the road, the foundation was prepared by removing all 
the earth between the cross-ties and refilling with concrete to the 
top of the ties. Upon this a 2-inch sand cushion was laid and the 
_ bricks were placed upon this. A cement curbing 4 inches wide by 
20 inches deep was placed on the south side of this section, while 
on the north side, owing to a greater amount of traffic, a curbing 6 
4 inches wide by 20 inches deep was laid. 

ok TABLE 16.—Analysis of bituminous filler.@ 


a ‘Specific CI aS Stadia y Tent (ets See Shc SEU 2a 0. 980 
» Melting point °C. (cube method).-...............-.--. eter vee bets ee 108° 
mmmmraton-( No, 2 N, 5 seconds, 100 grams, 25° C.).....-.-- 2.5 e ee eee eee 54° 
Sumer of loss at 163° C., 5 hours(20 crams)0..................----------- Abas 
Penetration of residue (as above)... pe ESAs =) cette Site ie Regen Ye 48° 
; Per cent of bitumen insoluble in 86° paraffin naphtha. Pos a ec E Ee Oe 26. 88 
. RI XOM CALDON Sooo nnn ine cla nie ein inn Je eben cane ee eer es 8. 36 


’ - Per cent of bitumen soluble in sede air temperature (total bitumen)......... 99. 83 
4 _ Organic matter insoluble... Rei tiny (oC eat ey sey oo nd) ey ae 
q Inorganic matter...... oe Gs ES he i ey, ABs On ae . 08 


4a 100. 00 





@ Dense, rubbery. 6 Surface of residue somewhat drawn. 
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After the curbing had thoroughly set, a form reaching 5? inches 
below the top of the curb at the side of the road and 1? inches below 
at the center was pulled over the section, and all uneven places were 
filled with stone or cut off, until a uniform crown of 4 inch to the 
foot had been obtained. Next to the curbing was then placed a 
board 1 inch wide and 6 inches deep, which, upon the completion 
of the road, was withdrawn. This space was then filled with a bitu- 
minous filler (see Table 16) to within 1 inch of the top. The remain- | 
ing space was filled with sand. A 2-inch course of sand was spread 
over the foundation and, after this had been dragged with a wooden 
form to conform to the road surface, it was compacted with the light 
hand roller in order to obtain a uniform cushion for the brick. The 
roller was started at the sides, moved longitudinally to the center, 
and then rolled at right angles to the length of the road, after which 
it was rolled at an angle of 45° in both directions. This produced 
a firm but slightly uneven surface, which was made smooth by a 
light coat of screened sand. The whole surface was finally struck 
off to produce a sand cushion 2 inches in depth. Upon this the brick, 
which had been furnished by six different manufacturers, was laid with 
unskilled labor at right angles to the center line of the road. ~ The 
brick surface was then rolled with a 2-ton tandem roller, made from 
a self-propelled lawn mower and carrying the greater part of the 
weight on the front roller. The roller was started next to the curb 
and gradually worked toward the center of the road, and in like man- 
ner from the other side. This operation was repeated twice, after 
which the road was rolled twice in both directions at an angle of 45° 
to its length. This process was repeated three times until the brick — 
had become firmly set. 

Wooden boxes about 30 inches wide, 14 inches deep, and 4 feet 
long on top, with ends sloping into the bottom at an angle of 45°, 
were now obtained. These boxes were set on legs of unequal length; 
the shortest was about 8 inches in length, and the longest, on the 
corner diagonally opposite, about 18 inches. Into one of these boxes 
was placed about two-thirds bushel of a mixture of equal parts of 
sand and cement. Water was then added until the resulting mortar 
flowed readily. Two men stood at the high end of the boxes with 
mortar-hoes and kept the mixture in constant motion, while a man 
stood on the lower side with a scoop, shoveling the grout upon the 
brick by dropping it suddenly from the shovel, but without throwing 
it. Three men with brooms and squeegees immediately worked the 
grout into the joints between the brick. After the brick had been 
covered for a distance of about 20 feet, this treatment was repeated. 
In about three-fourths of an hour a final coat of three parts of cement 
to two parts of sand, made considerably thicker than before, was 


applied. The surface was then squeegeed, so that a thin layer of 
[Cir. 92] 
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cement was left over the surface of the brick, and the joints were 
well filled. Owing to damp weather, it was unnecesary to cover the 
brick with sand to keep the filler moist. The road was closed to 
traffic for ten days, and not even the street cars were allowed to pass 


during that time. 


On account of unskilled labor and the slow methods used in con- 
structing the curb, the cost was exceedingly high for this kind of 
work. The cost of brick per square yard is averaged from the cost 
of each kind of brick, in connection with the area covered by each 
or the number used. The first 83 feet of roadway running from the 
car track were laid with brick costing $12.75 per thousand f. o. b. cars 
at the point of manufacture. The cost of the brick for the adjoining 
70 feet was $12.25 per thousand and for the three different kinds of 
brick used on three 51-foot sections $14, $17.50, and $13.75 per thou- 
sand, respectively, f. o. b. cars at the point of manufacture. The 
rail bricks were figured at $20 per thousand f. 0. b. cars at the point 
of manufacture. They were laid only on the inner side of the outer 
rail, and did not add very materially to the average cost per square 
yard. The results of tests made upon these bricks are shown in the 
following table. It should be noted that these tests are not com- 
plete owing to an insufficient number of bricks being left over from 


the work. 
TABLE 17.—Brick tests. 


























Cross-break- Ri aes Bhp eke : Fe 
ing test. Crushing cent of dry weight. 
eee Modulus of g test. Average of 3 tests. 
. Are rupture. ounds per 
Brick No. 7s es Pounds per |square inch. 
9 oe square inch. | Average of | One- Six | Forty- 
: verage of 5 tests. half Route eight 
10 tests. hour. * | hours. 
Is Fons oc ele visa tee os eee chine ws ee ae a 2,464 b9, 218 0. 16 0. 27 0. 57 
ny a ESSE Se na ne 14. 88 1, 738 5, 588 . 30 . 66 2. 22 
oh See 15. 14 2,183 4, 950 . 98 1. 37 1. 89 
0 pa ee es 14. 28 1, 700 4,890 ok . 58 1.15 
Ieee es See ke Pk is os 17. 20 1, 669 O, OLO 0% 5. Sons | See eee | eee 
a Average of 5 tests. b Average of 3 tests. 


SUMMARY OF EXPERIMENTS AT ITHACA. 


All of the sections were in excellent condition when last inspected 
on December 2, so that it is impossible to draw definite conclusions 
as to the relative merits of the different materials at the present time. 
The final results will be published in a later circular. 


TaBLE 18.—Items of cost. 


EXPERIMENT NO. 10, SECTION NO. 7—KENTUCKY ROCK ASPHALT. 


os SSS UTE ETS 0 RS li gag a ee 300 

I ORD 200 FV 533 

meeetone, Cubic yards per square yard .-....-.......-...-:-----+----- 0. 111 

Hock asphalt, cubic yards per square yard .......-........------.2----- 0. 041 
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wee ae 
TABLE 18.—Items of cost—Continued. 


EXPERIMENT NO. 10, SECTION NO. 7—KENTUCKY ROCK ASPHALT—continued. 


Cost of No. 2 stone on siding, per square yard (cents)....-.....---------- 14, 55 
Cost of hauling and laying stone, per square yard (cents)...........----- 4. 43 
Cost of rock asphalt, per square yard (cents).-..............--. 90.02 31.08 
Cost of hauling rock asphalt, per square yard (cents). ......--..----.---- 4.71 
Cost of spreading rock asphalt, per square yard (cents)........-..-------- 2. 29 
Cost of rolling, per square yard (cents) .......0.--_.-525. sae ae 1. 88 
Cost of freight on rock asphalt, per square yard (cents).........-..---...-- 24. 10 

Total cost, per square yard: (cents) <2: ....%...0). 2. eee 83. 04 

Total-cost of entire section. ..... 2... ~~ ies 32 6 oom oes eg 


EXPERIMENT NO. 11, SECTION NO. 11—SLAG. 





Genpth ol section (ieet) >. 2. oon. oe ge wes Berg be ee 200 
Area or section (square ‘yards)..2 20 42 2 ee 355 
No. 2 size stone, cubic yards per square yard ...........- ‘Sis. CO 0. 139 
Screenings, cubic yards per square yard .-....4:.:...:-.¢0-20 2 Agee 0. 022 
Lame, pounds, per square yard. 24.2 ..f..1¢.0-8- en eee =e ee 3.3 
Cost of No. 2 slag, at siding, per square yard (cents) .........-.-..------- 30. 28 
Cost of slag screenings, at siding, per square yard (cents).......-..------ i 4. 83 
Cost of hauling and laying slag, per square yard (cents).......-...--.---- 8. 40 
Cost. of lime on road, per square yard (cents)-.........0-..<.2.4-.).50 eee 2. 26 
Cost of rolling, per square yard (cents).........-.- ce eee oe nin nie ae 2.79 
Cost of sprinkling, per square yard (cents) ..1.....022......-2) 25s eee 1. 00 
Total cost, per square yard (cents) 2...) 2.23402. see 49. 56 
Total*cost of ‘entire sectione4e<25.2..- 2 rh eee $175. 94 


EXPERIMENT NO. 14, SECTION NO. 3—BRICK. i 
ength of'section (feet) > 0.20. soc poy ee ee ee a ee 306 


Wres. of section (square yards)... 023.0 .. J2 55. -obc ee. sees ons oe 526 
Length of curbing (feet) o>: 0, cs - 2 isa ee eo 590 
Band cushion, cubic yards per'square yard _....-.-- ./2...-2- ese 0. 056 
Average number of bricks per square yard. .................------+---- 40 
Cost of curbing, per running foot. 22... [a2d2 se 2s. Shee ee ee $1. 00 
Cost of bituminous filler, per running foot (cents)..............-.-------- 3. 75 
Cost of sand cushion per square yard (cents)... ..............-..- =e 4.08 
Gost-ot hauling and laying brick (cents) 22 2S. . sct ee ee 20. 81 
Cost‘of brick, per square yard (cents).2 1222-2. 22 | ee 55. 52 
Cost of freight on brick, per square yard (cents)..:..-..--.-..----------- 40. 20 
Cost of cement filler, per square yard (cents).......:.........-1. 12. See 8. 53 
Oost of rolling brick, ‘per square yard'(cents). 22! 2.10.2 -.4.40 S22 Sas 1. 53 
Miscellaneous expenses, per square yard (cents) ..........-------.--+--- 7.56 © 
Cost of curbing, per square yard of road (cents)... -......-- 242-2 e eee 112. 50 
Cost of bituminous filler, per square yard of road (demtaye oS ee 4, 23 
Total cost of road, per square yard (cents) .....................--- 254. 96 
Total cost of entire section......2. 2. tebe. -o-+ o> ances s onsen $1,341. 09 
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SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT NEWTON ? 
MASS., IN 1908, WITH ASPHALTIC PREPARATIONS, TAR PREPA- 
RATIONS, RESIDUAL OIL, AND MOLASSES-OIL-LIME. 






4 A full report of these experiments may be found in Circular No. 90. 
= Seven experiments were made with an asphaltic preparation, one 
____ with a residual oil, two with a refined water-gas tar, and one with a 
___ molasses-oil-lime mixture. This work consisted in resurfacing an. old 
~ macadam road according to the mixing method, using the various 
materials as binders. The sections were last inspected July 22, 1909, 
| = about eleven months after being laid. 
%, Expervments Nos. 1, 2, 3, 4, 5, 6, and 7—asphaltic preparation. — 
At the time of Peer en was considerable difference in the 
appearance of these sections. Section No. 1, in which a mineral 
aggregate containing practically no fine material smaller than one- 
fourth inch in diameter had been used, had raveled in places and had 
been patched with a refined coal tar under the direction of the street 
commissioner of Newton. Section No. 2, in which a mineral aggre- 
) gate containing more fine material had been used, was in better con- 
| dition, but had been patched in a number of weak places with the 
| coal-tar preparation above mentioned. Section No. 3, in which the 
| mineral aggregate held a still greater amount of material smaller 
| than one-fourth inch in diameter, was in much better condition and 
| 





only one patch had been required. Section No. 4, which had been 
| _ constructed in a manner similar to No. 3, except that instead of 
| __ stone screenings a light coat of tarred sand had been employed as a 
surface dressing, had not required patching, but the surface was in 
_ rather poor condition. In all of the first four experiments only 0.54 
' gallon of asphaltic preparation per square yard had been used. In 
experiments Nos. 5 and 6 a flush coat of bitumen had been applied in 
addition to this. The asphaltic preparation was used for this purpose 
in No. 5 and a refined coal tar in No. 6. These two sections, together 
with No. 7, in which 0.71 gallon per square yard of the asphaltic 
preparation had been used, were in first-class condition when inspected. 

Expervment No. 8—residual oil.—Section No. 8, bound with a 
residual oil, was just beginning to pick up under traffic and the oil 
showed a lack of adhesiveness. 

Ezpervments Nos. 9 and 10—refined water-gas tar.—Sections Nos. 9 
and 10, in which a refined water-gas tar was employed as a binder, 
were both in excellent condition; No. 10 indeed appeared better than 
any of the other sections. In No. 9, 0.81 gallon per square yard of 
the water-gas tar was consumed and the surface was coated with 
stone screenings, while in No. 10 an application of sand mixed with 
a refined coal tar was used as a surface dressing. 

Experiment No. 11—molasses-oil-lime.—The molasses-oil-lime work 
was in very good condition, except at a rather sharp curve where the 
surface had just started to pick up under traffic. 

- [Cir. 92] 
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SUPPLEMENTARY REPORT OF EXPERIMENT MADE AT INDEPEND- 
ENCE, KANS., IN 1908, WITH AN ARTIFICIAL ASPHALT IN THE 
CONSTRUCTION OF AN EARTH-ASPHALT ROAD. 


The original report of this experiment may be found in Circular 
No. 90. On February 19, 1910, the road was inspected, and, while the 
conditions for making an intelligent inspection were unfavorable, 
since the road was frozen and partially covered with snow, the fol- 
lowing results were reported: 

The appearance of the road in general was similar to that of other 
dirt roads in the near vicinity, except that it did not show the deep 
ruts noticeable on the latter, although the traffic over both is simi- 
Jar. This shows that during the winter the mud had not been as 
deep as on the ordinary dirt roads. The only attention that it has 
received since being built is that it was dragged once in February, 
1909. 

For the length of two blocks the road has a grade of nearly 5 per 
cent and had previously washed badly, but now shows but little, if 
any, effects of last year’s rains. Residents along the road state that 
during rainy weather the road is quite muddy on top, but that there 
is no deep mud and that the road dries out much sooner than the 
neighboring dirt roads. In summer, however, this road is a little 
soft under heavy loads. 

The conclusions to be drawn are that the asphalt mixed with the 
earth renders it fairly impervious to water; that it acts sufficiently 
well as a binder to prevent the washing of ruts on grades; that an 
asphalt having a melting point higher than that used should be 
employed, if a satisfactory road is to be had in the summer; that such 
an asphalt can not be spread upon and mixed with earth satisfac- 
torily unless the earth is previously heated; that such a road is 
practically dustless save for dirt that may be carried upon it; and 
that, to prevent its being muddy just after a rain, 2 to 3 inches of | 
from #-inch to 2-inch stone should be worked into the top. | 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT GARDEN 
CITY, DODGE CITY, BUCKLIN, AND FORD, KANS., IN 1908, WITH 
SAND-CLAY. 


The original report of these experiments may be found in Circular 
No. 90. They were made with a view to determine the suitability 
of sand-clay construction to meet varying conditions encountered in 
the Middle West. 

Experiment at Garden City—In this experiment a local gypsum-— 
clay was mixed with the natural sandy soil. The road was inspected 
one year after completion and was found to be as hard and firm as 
macadam. The people living in the vicinity of this work were so 
well pleased with the results that during the past year 7 miles more 
of sand-clay road were constructed at their instigation. 

[Cir. 92] 
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Experiment at Dodge City.—In the work at Dodge City a clay silt 
obtained from an old irrigation ditch was mixed with a sandy soil 


similar to that encountered at Garden City. When inspected one 


year after completion the road was in excellent condition. Although 
previously but little used, it has been converted into one of the most 
heavily traveled roads leading into Dodge City. Land values along 
this road have increased, and farmers who were formerly considering 
the advisability of selling their farms and going where the roads were 


better are now well satisfied to remain. 


Expervment at Bucklin.—In this experiment the general plan of 
construction was identical with that used at Dodge City, except that 
a buckshot-clay was mixed with the sandy soil. When inspected a 


_ year later the road, while not smooth, had not rutted. The inspec- 
_ tion was made after a heavy rain, during which the road had softened 


to such an extent that the surface picked up under traffic. This 
indicated merely an insufficiency of sand on the surface and the 


trouble was easily remedied. 


Expervment at Ford.—In this experiment a short section of sandy 
road, forming the south approach to a bridge crossing the Arkansas. 
River, was graded and a sedimentary clay added. The work was 
done under very unfavorable conditions, which made it impossible to 
mix the sand and clay in an altogether satisfactory manner. When 
inspected one year after completion the surface was covered with 
about 1 inch of mud, showing that more sand was needed; otherwise 
the road was in good condition. 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT WAYLAND, 
MASS., IN 1907, WITH CRUDE TAR, TAR PREPARATIONS, AND 
OIL EMULSIONS. 


These experiments are described in Circular No. 89, published in 
March, 1908, and in a report of an inspection made in September, 


1908, published in Circular No. 90. By 1909 the entire road needed 


to be treated again, and during that year a surface application of tar 
was made with an English spraying machine, under the supervision 
of the Massachusetts State Highway Commission. This road is sub- 
jected to such heavy mixed traffic that annual surface treatments 
will probably be required in order to keep it in good condition. 


SUPPLEMENTARY REPORT ON AN EXPERIMENT MADE AT BOW- 
LING GREEN, KY., IN 1907, WITH KENTUCKY ROCK ASPHALT. 


A full report of this experiment may be found in Circular No. 89, 


and the results of an inspection made in January, 1909, are to be 


found in Circular No. 90. 

This road was again inspected during the latter part of May, 1909, 
and the following report made. A heavy rain had been falling for 
some hours before the inspection was made, and there was more or 
less soft, sticky mud on the roads adjoining the experimental road. 
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The surface of the rock asphalt was clean, smooth, and compact, with 
no ruts, and had much the same appearance as a first-class asphalt 


city street. The thin surface course of rock asphalt has worn down 


in a few spots to the crushed stone, but the individual crushed stones 
were tightly bound together and not a single loose stone was found. 


SUPPLEMENTARY REPORT ON EXPERIMENTS MADE AT JACKSON, 
TENN., IN 1905, WITH TARS AND OILS. 


The original report of these experiments may be found in Circular 


No. 47, published May, 1906, and reports of the condition of the sec- 


tions when inspected in February, 1908, and January, 1909, are to 


be found in Circulars Nos. 89 and 90. When last inspected, on — 


December 2, 1909, the following results were reported: 

Tar expervments.—An inspection made December 2, 1909, of the 
streets of Jackson, Tenn., which were treated with coke-oven tar, 
shows that where a second application of tar was applied one year 
after the first the surface was smooth and even, and that there was 
only an occasional break at intervals of about 20 feet, with the 
exception of a strip averaging about 20 feet wide down the center of 
the street where traffic is heaviest and droppings from unimproved 
streets accumulate. Very little trace of tar could be found in this 
center strip. 

On the streets which were treated with only one coat of tar the 
deterioration is much more apparent. In thecenter of the streets no 
trace of tar can be found, and on the sides, for a distance of about 25 
feet from the gutters, patches of tar coating, varying in size from 
6 inches to 6 feet in diameter could be seen at intervals of a few feet. 
The short section which was spiked up and where the tar was incor- 
porated in the macadam showed that the crown has almost entirely 
disappeared, owing to a softening of the binder during the summer 
months. Detritus accumulates on this section to such an extent 
that, from a casual inspection, no tar could be noticed. When a part 


of the section was cut out, however, the tar could be plainly seen in 


the voids between the spantiatex of stone. 

It might be added that the streets have been badly neglected since 
treatment. A third application of tar, applied last summer, would 
have made these roads almost as good as they were after the first 


application, and even yet it is not too late to save the city hundreds 4 


of dollars. 


Oul expervments.—No trace of oil was found on the city streets which 
had been treated. On the section of country road treated with — 


residual oil a strip about 3 feet wide on either side of wheel tracks 
showed distinct traces of oil, which was still beneficial in preventing 
side washes. 
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LETTER OF TRANSMITTAL. 


U. S. DepartMEeNT or AGRICULTURE, 
Orricre or Pusiic Roaps, 
Washington, D. C., December 5, 1910. 
Sir: I have the honor to transmit herewith the manuscript of a 
Peeolar by Mr. Prévost Hubbard, chemist in this office, entitled 
“ Bitumens and Their Essential Coenen for Road Construction 
2 and Maintenance.” This publication presents in condensed form a 
< description and discussion of various bituminous materials at present 
‘in use in road construction and maintenance. It should be of great 
service in clearing up a very general misunderstanding concerning 
he actual and comparative value of bituminous road materials, and 
Ps so the meaning of certain terms. I respectfully request that it be | 
: ssued as Circular 93 of this office. In view of the newness of the 
ies and lack of complete data, some of the statements made may 
in the future require modification. This circular will therefore be 
revised from time to time in order to keep it abreast with the latest 
3 Be ration obtainable. 
Respectfully, Logan Water Pace, 
Director. 















" 
_ Hon. James WItson, 

Secretary of Agriculture. 
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BITUMENS AND THEIR ESSENTIAL CONSTITUENTS FOR ROAD 
CONSTRUCTION AND MAINTENANCE, 


So much confusion exists among road engineers and others in- 
terested in bituminous road binders concerning the meaning of cer- 
tain terms as applied to these materials that it has seemed advisable 
to present in brief form the definitions of such terms as at present 
used by the United States Office of Public Roads. It should be un- 
derstood, however, that these definitions are at present more or less 
arbitrary, owing to wide differences of opinion held by those who are 
considered authorities on the subject of bitumens. Notwithstanding 
these facts, it is hoped that this circular will furnish highway en- 
gineers and other interested persons with a foundation for acquiring 
and systematically classifying further information along the lines 
herein indicated. To aid them in this matter a brief discussion of 
the value of the various materials used in road construction has been 
given in addition to the definitions. 

Acid Sludge—A mixture of sulphonated hydrocarbons resulting 
from the treatment of bitumens with sulphuric acid; usually a waste 
or by-product obtained in this manner from the purification of tar 
and oil distillates. When sufficiently concentrated these sulphonated 
products become viscous and gummy. They are readily attacked 
by water and are therefore unsuitable for use as enduring road 
binders. : ) 

Anthracene.—A waxy crystalline hydrocarbon having the chemical 
formula C,,H,,, found in tars, principally coal tars which have been 
produced at high temperatures. Anthracene is believed to be of no ~ 
practical value in road binders. 

Artificial Asphalt—See Asphalts and Oil Asphalts. 

Artificial Bitumens.— Hydrocarbon distillates and residues produced 
by the partial or fractional distillation of bitumens, and hydrocarbon 
distillates produced by the destructive distillation of bitumens, pyro- 
bitumens, and other organic materials, such as wood, bone, etc. Na- 
tive bitumens which have been treated merely for the removal of 
water and extraneous organic and inorganic materials should not be 
classed as artificial products, but as refined native bitumens. 

Asphalts.—Solid or semisolid native bitumens, consisting of a mix- 
ture of hydrocarbons of complex structure, largely cyclic and bridge 
compounds, together with a small proportion of their sulphur and 
nitrogen derivatives, but free from any appreciable amount of solid 

[Cir. 93] 5 


6 BITUMENS FOR ROAD CONSTRUCTION. 


parafiins, melting? upon the application of heat and evidently pro- 
duced by nature from petroleums containing little or no solid paraf- 
fins. Solid or semisolid residues produced from probably similar 
oils by artificial processes are sometimes called asphalts, but should 
more properly be termed oil asphalts. The more common types of 
native asphalts are known by the name of the locality in which they 
occur, such as Trinidad, Bermudez, Maracaibo, Cuban, California, ete. 
Native asphalts with few exceptions contain water, extraneous or- 
ganic or vegetable matter, and inorganic matter, such as clay, sand, 
ete. A large proportion of these impurities is removed by a rough 
refining process without otherwise changing the character of the 
asphalt. 

Native asphalts are usually too hard to be used as road binders 
without first fluxing them with a heavy petroleum residuum and thus 
producing an asphaltic cement. Artificial asphalts are, as a rule, 
brought to suitable consistency during the process of manufacture. 

Asphaltenes—A term commonly applied to those hydrocarbons in 
petroleums, petroleum products, malthas, asphaltic cements, and solid 
native bitumens which are soluble in carbon bisulphide but insoluble 
in paraffin naphtha. Asa rule paraffin naphthas of different specific 
gravities and boiling points dissolve different amounts of hydrocar- 
bons in a given bitumen, and the heavier the naphtha and the higher 
its boiling point the greater is its solvent action. It is evident, there- 
fore, that the percentage of asphaltenes will vary with the gravity 
and boiling point of the naphtha, and for this reason it would seem 
well to substitute for the term asphaltenes, “bitumen insoluble in 
paraffin naphtha,” with a statement of the gravity of the naphtha 
used and the temperatures between which it boils. The presence of 
naphtha insoluble hydrocarbons is supposed to give body to the 
product in which they occur and to be accountable to a great extent 
for its binding value. They show no binding value, since many of 
them are hard and brittle, but they produce adhesive mixtures when 
fluxed with certain heavy oils. As a rule, for a given type of bitu- 
men hardness increases with the percentage of bitumen insoluble in 
a given naphtha. The so-called asphaltenes are not found to any 
extent in native bitumens with a paraffin base, but occur principally 
in asphalts, malthas, asphaltic petroleums, and in blown petroleum 
residues. They vary chemically and physically with the product in 
which they occur, and, therefore, do not represent definite chemical 
compounds. 

Asphaltic Petroleums.—Asphaltic petroleums, or asphaltic oils, are 
petroleums containing an asphaltic base—i. e., they are capable of pro- 
ducing residues very similar to native asphalts if evaporated or dis- 
tilled down to the consistency of such asphalts. They contain little 





: 1 See Bitumens. 
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or no solid paraffins and are thus differentiated from paraffin petro- 
leums. Native asphalts are probably produced from such oils by 
natural processes. | 

Asphaltic Cement.—The term asphaltic cement was originally applied 
to a product obtained by fluxing an asphalt with a sufficient quantity 
of heavy residual oil or flux to produce a binder of suitable con- 
sistency for paving purposes. In its broadest sense it may be applied 
to all semisolid bitumens of an asphaltic nature which are of suitable 
consistency for use as binders in street or road construction, whether 
prepared by fluxing a solid native or artificial bitumen or by reduc- 
ing an asphaltic or semiasphaltic petroleum by distillation or other 
process. 

Baumé Gravity.— An arbitrary scale of specific gravity or density of 
liquids, usually expressed as degrees Baumé or ° B. This scale is 
commonly used in connection with oil products. For liquids lighter 
than water the scale begins at 10° B., which represents the specific 
gravity of water, or 1.0000. As the Baumé degrees increase the 
specific gravity decreases. The following formule are used in con- 
verting Baumé degrees for liquids lighter than water into direct 
specific gravity and vice versa: 


140 ere 
Sp. gT.=7a5 op at 1i.5 C. 


° Bago — 180 at 17.5° C. 

For liquids heavier than water the scale begins at 0° B., which rep- 
resents the specific gravity of water, or 1.0000. In this scale the 
degrees Baumé increase with the specific gravity. The following 
formule are used in converting Baumé degrees for liquids heavier 
than water into direct specific gravity and vice versa: 


145 : 
Sp. gr. 7 ARTO at 15.5°. C. 


145 
Sp. gr. 





° B=145— at 15.5° C. 

Benzol.—A volatile colorless fluid hydrocarbon of characteristic 
odor having the chemical formula C,H,. It occurs mainly in crude 
coal tars and water-gas tars, and boils at 80.4° C., so that it is re- 
moved in the first fraction when- these tars are subjected to the 
process of distillation. Benzol is an aétive solvent for most bitumens. 
It is sometimes called benzene, but should not be confused with 
benzine, which is the term applied to the lighter and more volatile 
fractions of petroleum. 
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Bitumen.—Bitumens are mixtures of native or pyrogenetic hydro- 
carbons and their derivatives, which may be gases, liquids, viscous 
liquids, or solids. If solids, they melt more or less readily upon the 
application of heat and are soluble in carbon bisulphide, chloroform, 
and similar solvents. They may be divided into two main classes— 
(1) native bitumens and (2) artificial bitumens. Bitumens, being 
mixtures of hydrocarbons, can have no melting point, although this 
term is often used to denote the aces at which they soften 
sufficiently to flow. 

Bituminous.—A term applied not only to materials or objects which 
contain bitumen, such as bituminous rock, bituminous macadam, etc., 
but also to eran pyro-bitumens, such as bituminous coal, whi Res 
rise to the formation of bitumens upon being subjected to the process 
of destructive distillation. 

Blown petroleum.—Blown petroleums, which are often called blown 
oils, are petroleum residuums through which a jet of air has been 
passed during or just after distillation. The blowing process causes 
certain chemical reactions of a complicated nature to take place and 
results in thickening or increasing the consistency of the oil to an ex- 
tent depending upon its temperature and the amount of blowing which 
it receives. Semisolid and solid products are thus often formed from 
fluid residuums. If the oil is asphaltic or semiasphaltic in nature, 
asphaltic cements may be produced in this manner. Blown oils are 
characteristically short or nonductile when semisolid, although they 
may possess considerable binding value if not originally of a paraffin 
nature. Blowing an oil usually increases its percentage of hydrocar- 
bons insoluble in any given paraffin naphtha. 

Carbenes.—A term commonly apphed to those hydrocarbons in pe- 
-troleum, petroleum products, malthas, asphaltic cements, and solid 
native bitumens which are soluble in carbon bisulphide but insoluble 
in carbon tetrachloride. The presence of an appreciable amount of 
these hydrocarbons indicates that the material in which they occur 
has been subjected to unnecessarily high temperatures. Cracked oil 
residuums show an increase in carbenes in proportion to the extent 
of cracking and the formation of these products is evidently a near 
step to coking. But little is known of their effect upon the value of 


a bitumen for road construction, but they are generally looked upon 


with suspicion and, in certain specifications for asphaltic cements, 
their presence has been limited to a low percentage. 

Carbon Bisulphide.—This substance, sometimes called carbon disul- 
phide, is a volatile and extremely inflammable compound of carbon 
and sulphur, boiling at 47° C. and having the chemical formula 
CS,. Pure carbon bisulphide is a colorless mobile liquid having an 


ethereal odor. It is one of the most active solvents for bitumens 
[Cir. 93] 
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and is commonly employed for this purpose in the determination of 
total bitumen. 

Carbon Tetrachloride.—A volatile noninflammable compound of car- 
bon and chlorine, boiling at 76° C. It is a colorless mobile liquid 
with an odor similar to that of chloroform, to which it is closely 
related, and has the chemical formula CCl,. It is an excellent sol- 
vent for bitumens, but is not usually as powerful as carbon bisul- 
phide. It is employed in bitumen analysis for the determination of 
-carbenes or hydrocarbons soluble in carbon bisulphide but insoluble 
in carbon tetrachloride. 

Coal Tar.—A mixture of hydrocarbon distillates, mostly unsaturated 
ring compounds, produced in the destructive distillation of coal. 
Crude coal tar is a black, more or less viscid fluid having a gassy 
odor and varying in specific gravity from 1.10 to 1.25 and sometimes 
higher. It always contains a certain amount of ammoniacal water © 
which makes it unsuitable for use as a road binder. When reduced to 
proper consistency by distillation, coal tar makes an excellent bitumi- 
nous road binder, providing it does not carry too high percentages 
of free carbon and naphthalene. The composition of coal tar varies 
according to the coal from which it is produced and the method of 
distillation. Tars produced at high temperatures contain a large 
amount of free carbon and usually run high in naphthalene, while 
those produced at low temperatures carry less free carbon and as 
a rule less naphthalene. Low temperature coal tars are therefore 
most suitable for the preparation of road binders.’ 

Coke-Oven Tar.—Coal tar produced from by-product coke ovens in 
the manufacture of coke from bituminous coal. This process of coke 
manufacture is essentially the same as that of coal gas. Larger 
charges of coal are, however, carbonized in the former, and as a rule 
carbonization is conducted at a lower temperature than in the manu- 
facture of coal gas. The resulting tar therefore contains a smaller 
amount of free carbon, averaging from 3 to 10 per cent, and is better 
suited for the preparation of road binders than most gas-house coal 
tars. 

Cracked 0il.—The term cracked oil, as applied to road binders, refers 
to petroleum residuums which have been overheated in the process 
of manufacture. Overheating causes a breaking down of certain — 
constituents of the oil, which results first in the formation of carbenes 
and later of coke or free carbon. Badly cracked residuums are be- 
lieved to be inferior road binders. 

Cracking.—The process of breaking down a hydrocarbon molecule 
by the application of heat. This may result either in the formation 
of other hydrocarbon molecules, at least one of which is unsaturated 


1 See Refined tar. 
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and shows a higher ratio of carbon to hydrogen than the original 
molecule, or else in the disruption of the molecule into its elements, 
hydrogen and carbon. In the latter case the process is said to be 
destructive. The more volatile and chemically stable hydrocarbons 
can be cracked only at temperatures above their boiling points. In 
the distillation of oils this is accomplished by causing condensation 
to take place in the still and allowing the condensed oils to fall back 
into the residue, the temperature of which is considerably higher 
than their boiling points. In carbureted water-gas manufacture, oils 
are cracked by vaporizing them at a much higher temperature than 
their boiling points. The heavier oils will, however, crack at tem- 
peratures below their normal boiling points, and this is particularly 
true of asphaltic oils, which have to be distilled very carefully, some- 


times under reduced pressure, in order to produce residuums which 


are not cracked. 


Cut-Back Products.—Petroleum or tar residuums which are cut back, 


or fluxed, to the desired consistency with a distillate. Volatile dis- 
tillates are employed for this purpose in the preparation of road 
binders, when it is desired to have the binder increase in consistency 
or become harder after application. In such cases a residuum of 
proper consistency for a road binder is cut back merely for the pur- 
pose of facilitating application. 

Dead Oils.—Heavy oils distilled from tars at between 170° and 
270° C. with a density greater than water. These oils, if free from 
naphthalene, serve as an excellent flux in the preparation of cut-back 
road binders from tar pitches, which are too brittle for this purpose. 

Destructive Distillation—A process of distilling organic materials 
in which the identity of the material distilled is destroyed, resulting 
in the formation of tarry distillates and a coke residue. 

Dehydrated Tar.—Crude tar from which all water has been removed 
by distillation and mechanical contrivances known as separators. 

Emulsions.—Oily substances made miscible with water through the 
action of a saponifying agent or soap. Petroleums and tars may be 
emulsified by this means and such emulsions, if properly prepared 
from good materials, are often serviceable in the treatment of roads. 
The majority of road emulsions can be considered only as dust pallia- 
tives and temporary binders. 

Fixed Carbon.—The residual coke obtained upon burning hydro- 
carbon products in a covered vessel in the absence of free oxygen, 
according to an arbitrary method. As applied to bituminous road 
materials, the determination of fixed carbon would seem to be of value 
in connection with petroleum and asphaltic products only. Paraffin 
hydrocarbons produce little or no fixed carbon, while those of as- 
phaltic character show a very considerable amount, depending upon 
the percentage of asphaltic compounds present and the consistency of 
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the material. The fixed carbon determination therefore indicates 
the mechanical stability and body of such materials. It is not, how- 
ever, an extremely accurate determination and should not be too 


strongly relied upon. Since fixed carbon is a product formed by 


ignition, it should not be confused with free carbon, which is a 


s 


material already existing in suspension. The presence of any consid- 
erable quantity of free carbon vitiates a fixed carbon determination. 

Flux.—As applied to road binders, this term covers fluid oils and 
tars which are incorporated with asphalts and semisolid or solid oil 
and tar residuums for the purpose of reducing their consistency. 
Fluid petroleum residuums are commonly employed as fluxes in the 
preparation of asphaltic cements. A good flux produces an abso- 
lutely homogeneous bituminous mixture. Both petroleum and tar 
fluxes will produce such mixtures with native and artificial as- 
phalts, but most fluid petroleum products will not flux tar pitches 
satisfactorily. 

Free Carbon.—Organic matter in tars which is insoluble in carbon 
bisulphide. This material is an inert black powder, which is held in 
suspension by the tar proper, and probably consists, not only of free 
earbon, but also of hydrocarbons extremely rich in carbon. It has 
no binding value and serves no useful purpose in a road binder other 
than to act as a filler. It gives the tar in which it occurs a false 
consistency, reduces the binding capacity of the tar, and probably 
interferes with its penetration into and absorption by the road stone 
or road surface. The maximum allowable limit of free carbon in 
road binders would seem to be about 20 per cent. 

Gas-House Coal Tar..—Coal tar produced as a by-product in the 
manufacture of illuminating gas from coal. The modern gas-house 
coal tar is usually produced at high temperatures and therefore 
carries a percentage of free carbon varying from 20 to 30 per cent 
and higher. Unless it is produced at low or medium temperatures 
and contains less than 20 per cent free carbon, it is not well suited for 
the preparation of a dust palliative or road binder by direct distil- 
lation. High-carbon tars may, however, be combined with low- 
earbon tars in such proportion as to produce, when distilled to proper 
consistency, excellent road binders carrying less than 20 per cent free 
carbon. 

Gilsonite—A very pure solid native bitumen possessing many of the 
characteristics of asphalt. It differs from most of the native asphalts 
by being more brittle, having a higher melting or softening point, 
and being much less soluble in 86° B. paraffin naphtha. When fluxed 
with certain petroleum residuums it produces excellent asphaltic 
cements. In the preparation of road binders it is extensively used 
for the purpose of reinforcing blown oils, with which it combines to 





1 See Coal tar. 
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form rubbery semisolid mixtures. Such preparations are sometimes 
termed mineral rubber. 

Grahamite.—A pure solid native bitumen, black and brittle, which 
does not melt readily, but intumesces at high temperatures. It is 


differentiated from gilsonite and the native asphalts by the fact — 


that it is almost insoluble in paraffin naphtha. It has been produced 
at high temperatures, as evidenced by the percentage of carbenes 
which it contains, and some varieties closely approach the pyro- 
bitumens in characteristics. It has been used to some extent in the 
preparation of asphaltic cements, but up to the present has been little 
used in the manufacture of road binders. 

High-Carbon Tars.—Tars containing a high percentage of free car- 
bon—above 20 per cent. High-carbon tars are produced at high 


temperatures during the destructive distillation of coal and are of — 


inferior quality for use as dust palliatives and road binders. 

Hydrocarbons.—Chemical compounds composed of the elements 
hydrogen and carbon. There is practically an unlimited number of 
such compounds, which vary greatly in physical and chemical charac- 
teristics. Complex mixtures of hydrocarbons constitute by far the 
greater proportion of all bitumens. 

Low-Carbon Tars.—Tars containing a low percentage of free car- 
bon—less than 10 per cent. Low-carbon tars are produced at com- 
paratively low temperatures during the destructive distillation of 
coal, and also by cracking oil vapors during the manufacture of car- 
bureted water gas. As a rule they are more suitable than high- 
carbon tars for use as dust palliatives and road binders, or for the 
preparation of such substances. 

Malthas.—Malthas are very viscous semiasphaltic or asphaltic native 
bitumens holding an intermediate position between the petroleums 
of an asphaltic nature and the native asphalts. Asa rule they possess 
excellent binding properties. They constitute the binding material 
of many bituminous rocks or rock asphalts, and in this capacity often 
serve as valuable road binders. Many malthas have a tendency to 
harden rapidly when exposed to atmospheric conditions, and this prop- 
erty, while accountable for an increase in binding value, makes them 
unsuitable for use as a flux in the preparation of asphaltic cements. 

Malthenes.—A term commonly applied to those hydrocarbons in 
petroleum, petroleum products, malthas, asphaltic cements, and solid 
native bitumens soluble in both carbon bisulphide and paraffin naph- 
tha, but not readily volatile at temperatures lower than 163° C. (825° 
F.). This class of hydrocarbons serves as a valuable permanent flux- 
ing medium for the so-called asphaltenes or naphtha insoluble bitu- 
men in asphaltic cements, giving the cement any desired degree of 
softness when present in the right amount. It is evident, therefore, 


that the consistency of asphaltic bitumens, and particularly stable 
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asphaltic cements, is largely dependent upon the relative proportion 
of naphtha soluble and naphtha insoluble hydrocarbons. The same 
objection to the use of the term “ asphaltenes ”* applies to the use of 
the term “ malthenes.” 

Mineral Rubber.—A term sometimes applied to artificial bitumens 
of rubbery consistency, usually composed of a mixture of gilsonite 
and blown petroleum residuum. 

Naphthas.— Mixtures of hydrocarbons of low boiling points occur- 
ring rarely in nature, commonly obtained from the fractional dis- 
tillation of certain bitumens. When this term is applied tolow-boiling 
coal-tar distillates, it is usually prefixed by the words “ coal tar.” 
The word “naphtha” by itself is generally apphed to low-boiling petro- 
leum products. Different grades of naphtha are differentiated not 
only by their boiling points but also by their specific gravities, which 
are commonly given in Baumé degrees. Those of very low boiling 
points and specific gravities are called petrolic ethers. Naphthas 
vary not only in the two properties above mentioned but also with the 
type of petroleum from which they are obtained. Those derived 
from paraflin petroleums are quite different chemically from naph- 
thas obtained from asphaltic petroleums. The former are much less 
powerful solvents for asphaltic substances than the latter. Paraflin 
naphtha is used as a solvent for the separation of certain classes of 
hydrocarbons in asphaltic substances. 

Naphthalene.—A solid crystalline highly volatile hydrocarbon oc- 
curring principally in coal tars and having the chemical formula 
C,,H;. Its presence in excessive quantities in road tars is believed 
to be detrimental, as it possesses no binding value and gradually vola- 
tilizes from the tar, leaving it hard and brittle. 

Native Bitumens.—Mixtures of hydrocarbons occurring in nature, 
which may be gases, liquids, viscous liquids, or solids, but if solid melt- 
ing* more or less readily upon the application of heat and dissolving 
in carbon bisulphide, chloroform, and similar solvents. The native 
bitumens that are of use as road materials are petroleums, malthas, 
asphalts, and other solid products such as gilsonite and grahamite. 
Native bitumens often contain impurities such as water, inorganic 
matter in the form of clay, silt, sand, etc., and extraneous organic 
or vegetable matter. 

Oil Asphalts.—Artificial oil pitches or asphaltic cements produced as 
a residuum in the distillation of semiasphaltic and asphaltic petro- 
leum. Many of these products are blown and are therefore known 
as blown oils. 

Oil Pitches.——More or less hard oil asphalts. 

Oil Tars.*—Mixtures of hydrocarbon distillates, mostly unsaturated 
ring compounds, produced in the cracking of oil vapors at high tem- 


1 See Asphaltenes. 2See Bitumens. See Water-gas tar. 
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peratures. Oil tars are usually by-products of the manufacture of 
oil gas or carbureted water gas. 

Paraffin Naphthas.—Naphthas consisting of a mixture of light vola- 
tile hydrocarbons of the paraffin series, ordinarily obtained as light 
distillates of paraffin petroleum. 

Paraffin Petroleum.—Petroleum the base of which is composed prin- 
cipally of the paraffin or open-chain series of hydrocarbons; it is 
thus differentiated from asphaltic petroleums which are composed 
largely of cyclic or ring hydrocarbons. Paraffin petroleums and the 
unaltered residues produced by their distillation are of inferior value 
as dust palliatives and road binders. 

Paraffin Scale——Solid paraffins recovered by distillation and pre- 
cipitation of thedistillates of petroleumand similar materials. The per- 

centage of paraffine in bitumen is usually determined in this manner. 
- Paraffine—The term paraffine covers a number of greasy crystalline 
hydrocarbons of the paraffin series occurring as dissolved wax in cer- 
tain classes of petroleum. When these products are recovered from 
petroleum, they constitute the commercial product paraffine. Par- 
affine is believed to be detrimental to road binders in which it occurs, 
and it is certain that its presence in excessive amounts indicates infe- 
riority in the binding value of the material. It is probable, however, 
that heavy liquid hydrocarbons of the same chemical series as solid 
paraffine exert a much more injurious effect. 

Petrolenes.—An ambiguous term sometimes applied to those hydro- 
carbons described under malthenes, which are soluble in carbon bi- 
sulphide but insoluble in paraffin naphtha, and sometimes to hydro- 
carbons in petroleum and petroleum products volatile at or below 
163° C. (825° F.). Owing to misconceptions which may occur, it 
would seem advisable to eliminate the use of this term. 

Petroleums.—Petroleums, or mineral oils, are fluid native bitumens 
of variable composition, depending largely upon the locality in 
which they occur. There are three general types of petroleum found 
in the United States: (1) Paraffin petroleums, (2) semiasphaltic 
petroleums, and (3) asphaltic petroleums. Paraffin petroleums occur 
mainly in the eastern part of the United States and are typified by 
the Pennsylvania oils. The semiasphaltic variety occurs in the south- 
ern and middle western parts of the United States. Texas is one 
of the main sources of this type. Asphaltic petroleums occur in the 
western part of the United States, particularly in California. 
Petroleums, if of semiasphaltic or asphaltic character, may make 
excellent dust palliatives and road binders when properly treated. 

Petrolic Ethers.—Very light volatile naphthas obtained from petro- 
leum. 

Pitches.—Semisolid or solid residues produced in the evaporation 
or distillation of bitumens. This word is often prefixed by the name 
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of the material from which it is derived, such as oil pitch, coal-tar 
pitch, etc. As a rule the term pitch is confined to the harder re- 
siduums, most of which are too hard for use as road binders’ unless 
fluxed with a more fluid product. 

Pyrobitumens.— Mineral organic substances which are but slightly 
acted upon by the solvents for the bitumens, but which, upon being 
subjected to destructive distillation, give rise to the formation of 
bitumens. Pyrobitumens are derived in nature both from bitumens 
and direct metamorphosis of vegetable matter. Among the former 
class may be mentioned Albertite and Wurtzilite, and among the 
latter, peat, lignite, and bituminous coal. 

Pyrogenetic.—Originating from the action of heat. Coal tar is thus 
a pyrogenetic bitumen. 

Reduced Petroleums or Reduced Oils.—Residual oils produced from 
crude petroleum by the removal of water and the more volatile oil 
constituents, without chemically altering the base by cracking or other 
means. These residues are often made by distilling the crude oil 
under reduced pressure. Such products are of little value for road 
treatment unless formed from semiasphaltic or asphaltic oils. 

Refined Tar.—A more or less viscous tar which is produced by 
evaporation or distillation of crude tar until the residue is of the 
desired consistency. This term also includes blown tars and cut- 
back products produced by fluxing tar pitches with volatile or non- 
volatile distillates. Refined tars are of value both as dust pallatives 
and as road binders in the treatment of macadam roads. Their 


- binding value is proportional to their hardness within certain limits. 


Residual Petroleums or Residual Oils—Heavy viscous residues pro- 
duced by the evaporation or distillation of crude petroleum until at 
least all of the burning oils have been removed and often some of the 
heavier distillates as well. Residual oils grade into the artificial 
asphalts and oil pitches as their hardness and viscosity increase. The 


more fluid products, if obtained from semiasphaltic or asphaltic 


petroleums, serve as excellent dust palliatives and semipermanent 
road binders for the surface treatment of roads. The more viscous 
products are often suitable for the surface treatment of roads if ap- 
plied hot, but are seldom of value in road construction unless pro- 
duced from semiasphaltic or asphaltic oils. 

Residual Tars.— Heavy viscous residues produced by the evaporation 
or distillation of crude tar until all of the hght oils have been re- 
moved. Residual tars grade into the tar pitches as their hardness 


and viscosity increase. If they do not contain an excess of free 


carbon, they are as a rule well adapted for use as binders in the con- 
struction of macadam roads. 
Rock Asphalt or Bituminous Rock.—A term applied to a great variety 
of sandstones and limestones more or less impregnated with maltha. 
[Cir. 93] 
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Deposits of such material are widely distributed over the United 
States and vary from rock which is friable and wholly dependent 
upon the bitumen to hold the mineral fragments together to solid 
rock having merely its interstices filled with bitumen. The former 
type is of value for use as a surface binder in the construction of 
roads when the maltha shows good binding value and amounts to not 
less than 6 per cent of the weight of rock asphalt. 

Semiasphaltic Petroleums.—Semiasphaltic petroleums or  semi- 
asphaltic oils are’ petroleums containing a semiasphaltic base, i. e., 
petroleums whose residues produced by evaporation or distillation, 
while composed mainly of asphaltic hydrocarbons, contain also a cer- 
tain percentage of paraffin wax. They thus show a mixed base. If 
their percentage of heavy paraffin hydrocarbons is not excessive, they 
may be made to produce good dust preventives and road binders. 

Short.—A term applied to bituminous materials which are non- 
ductile. 

Tar Pitches.—Semisolid or solid residual tars. Owing to the gen- 
eral brittleness of tar pitches, only the softer varieties are of value 
in their natural condition as road binders. The harder pitches may, 
however, be used for this purpose if fluxed to suitable consistency 
with heavy or dead oil distillates of tar. 

Tars.—Tars are artificial or pyrogenetic bitumens produced as dis- 
tillates by the destructive distillation of bitumens, pyrobitumens, and 
other organic material. 

Water-Gas Tars——Mixtures of hydrocarbon distillates, mostly unsat- 
urated ring compounds, produced by cracking oil vapors at high 
temperatures in the manufacture of carbureted water gas. Crude 
water-gas tar is a thin, oily liquid having a specific gravity lying usu- 
ally between 1. and 1.10. Asa rule it contains a considerable quantity 
of water, which is, however, largely removed by mechanical devices 
before the tar is placed upon the market. This water is not am- 
moniacal, as in the case of crude coal tars. The composition of water- 
gas tar varies with the character of the oil which is carbureted and 
with varying conditions attending the carbureting process. It always 
shows a low percentage of free carbon, usually less than 2 per cent, 
and contains little or no naphthalene unless previously used for scrub- 
bing coal gas. Crude water-gas tar has practically no binding value 
and is serviceable only as a dust palliative in the surface treatment 
of roads. When reduced to proper consistency by distillation, how- 
ever, it shows certain desirable properties for use as a road binder 
both for surface treatment and macadam construction. Water-gas 
tar may also be used in the preparation of road binders from high- 
carbon coal tars. When this is done, the two crude tars are mixed in 
such proportion that when distilled to the desired consistency the mix- 
ture will contain less than the maximum limit of free carbon allowable. 
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LETTER OF TRANSMITTAL. 


U. S. DEPARTMENT OF AGRICULTURE, 
OFFICE OF PuBLic Roaps, 
Washington, D. C., March 25, 1911. 
Srr: I have the honor to transmit herewith a manuscript of a cir- 
cular prepared by this office, entitled ‘‘ Progress Reports of Experi- 
ments in Dust Prevention and Road Preservation, 1910.” This 
is one of the series of progress reports which have been issued annu- 
ally for the past five years and embody the results of experiments 
conducted by this office in all sections of the country. These cir- 
culars are being used more and more, and great interest has been 
shown in regard to their contents. I therefore request that this docu- 
ment be issued as Circular 94. 
Respectfully, Logan WALLER PAGE, 
~ Dvrector. 
Hon. Jamrs WILSON, 


Secretary of Agriculture. 
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PROGRESS REPORTS OF EXPERIMENTS IN DUST PRE- 
VENTION AND ROAD PRESERVATION, 1910. 


INTRODUCTION. 


During the year 1910 the Office of Public Roads conducted a num- 
ber of experiments in dust prevention and road preservation, mainly 
along the lines followed in previous years. Descriptions of the ear- 
ler experiments from and including those for the year 1905 have 
already been published in Circulars 47, 89, 90 and 92. Reports of 
inspections of these experiments will be preceded by descriptions of 
those conducted during the past year. 


EXPERIMENTS AT ITHACA, N. Y., 1910. 
TAR, OIL, OIL-ASPHALT PREPARATIONS, AND ASPHALT BLOCK. 


The experiments at Ithaca were a continuation of those conducted 
in 1909 by the Office of Public Roads in cooperation with Cornell 
University for the purpose of ascertaining the relative value of dif- 
‘ferent road binders applied in a number of ways under given condi- 
tions. A. full description of the 1909 experiments is to be found in 
Circular 92. A number of the road binders intended for use in 1909 
- could not be tried out during that year owing to bad weather in the 
fall, which made it necessary to stop work. These materials and a 
number of others were used during the past year. 

Considerable time was lost during the summer in the hope of mak- 
ing arrangements to continue the experiments on State road No. 681, 
which is an extension of the road on which the experiments of 1909 
were conducted. Such arrangements could not be satisfactorily 
made and it was therefore decided to make use of roads in the col- 
lege grounds adjoining the road formerly treated. While this was 
unsatisfactory for a number of reasons, it was the best arrangement 
that could be made under the circumstances. The roads selected 
for these experiments were East Avenue and South Avenue. East 
Avenue intersects Forest Home Drive at the brick section, experi- 
ment No. 14, described in Circular 92, and runs south to South Avenue. 
Experiments were begun on East Avenue at Reservoir Avenue, a 
short distance south of the brick section, at station 0, and were 
continued to South Avenue. From the intersection of East Avenue 
with South Avenue the work ran west on South Avenue. Both of 
these roads are subjected to automobile and light draying traffic dur- 
ing the summer months and a considerable amount of heavy draying 
during the winter months. Loads of -coal running from 4,000 to 
6,000 pounds are of common occurrence during the latter period, 
especially on South Avenue. 

Work was begun on September 12 and continued to November 16, 
when bad weather prevented its completion. It is hoped, however, 

+) 
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that all of the remaining materials will be laid early in 1911. In all 
2,158 linear feet were completed during the past year. The work ~ 
was carried on in the same general manner as that of 1909. Accord- 
ing to previous arrangements, the university furnished all stone, ma- 
chinery, and necessary labor; various manufacturers donated the 
bitumens and asphalt block; and the Office of Public Roads paid 
freight charges on donated materials and furnished supervision of 
the work. When so desired, the manufacturers had a representative 
present during the application of their material. In the experiments © 
with the bitumens, two methods of construction, the penetration 
method and the mixing method, were employed. Materials applied 
during 1909 according to only one method were used according to the 
other method in the following experiments. | 

From station 0 at Reservoir Avenue to station 21+58 the road 
passes over an old macadam road, which was formerly rough and 
uneven. The old road was, therefore, spiked up with a 10-ton steam 
roller equipped with spikes. It was then harrowed with a spring- 
tooth harrow, which brought the coarse stone to the surface and al- 
lowed the dust and other fine material to sift down below. In places 
where the road was very uneven the old material was either taken out 
altogether or more of the old stone hauled in so as to make the surface 
even. From station 0 to station 5, five catch basins had been placed 
on the west side of the road for the purpose of draining the old road 
surface and preventing seepage from the hill on the east side. A 
shght fill was made from stations 9 to 12 with stone taken from the old 
road surface and bricks. The grade at this point was reduced to 3.5 
per cent. From stations 15+ 50 to 17+35 a slight cut was made and 
the material excavated was used in a fill from station 17 + 35 to station 
18+25. This reduced the maximum grade on the road to 4.5 per 
cent. When the drainage had been cared for, the road, which had 
been spiked up and harrowed, was rolled until firm with the 10-ton 
roller. A course of broken limestone ranging in size from 1 inch to 
24 inches was then spread over the road for a width of 20 feet. This 
course was approximately 24 inches thick, but it varied in places 
sufficiently to bring the surface to the desired grade. After being 
rolled, it formed the foundation for the wearing surface of all of the 
sections hereafter described. The bituminous wearing surfaces were 
placed upon this foundation for a width of 16 feet and broken stone 
shoulders were constructed on the sides for a width of 2 feet, except 
in the asphalt block section. 

The working equipment was the same as that used during the pre- 
vious year. A 10-barrel tank fitted with a fire box and mounted on 
wheels was used for heating the bituminous binders, which were fed 
into the tank through a manhole in the top and, when heated, were 
drawn off through a spigot placed just over the fire box at the rear 
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of the tank. Owing to this arrangement, the entire contents of the 
tank had to be brought to the desired temperature before drawing 
off. Two 2-barrel iron soap kettles were also used for heating the 
bitumen used in the penetration method and also as a paint coat. 

The mixing plant was located at the railroad siding at East Ithaca 
about one-half mile from the road. The equipment here consisted of 
_ four flat stone heaters made of $-inch sheet steel, each having a heating 
surface of from 75 to 80 square feet. These were used for heating 
the large-sized stone. A semicylindrical section of an old boiler was 
used for heating the screenings. A portable concrete batch mixer 
of the old McKelvey type was used for making the mixtures. It was 
driven by a gasoline engine connected by a chain drive. This mixer 
caused a considerable loss of time and labor owing to numerous 
breakdowns. Wheelbarrows loaded each time as nearly alike as 
possible were used in measuring and transporting the stone from 
the heaters to the mixer. They were also used for carrying the stone 
from the storage piles to the heaters. The prepared stone was 
hauled to the road in wagons. 

The labor employed was unskilled and consisted of the regular 
campus force together with a few extra men. Common labor was 
figured at $1.75 per 9-hour day, foreman at $3, and double teams at 
$4. These figures were somewhat higher than for the preceding year. 
The engineer for the mixer was paid $4.50 per day. The roller was 
rented for the season for $200, which averaged about $3 per day. 
Wood at $3.50 per cord and coal at $1.65 per ton were used for fuel. 
Some scrap wood was also used. The stone used was a hard lime- 
stone, costing 70 cents per ton f. 0. b. at the shipping point 80 miles 
away. Freight on this stone amounted to 50 cents per ton. 

As in the preceding year’s work, the cost of construction was ex- 
cessive, owing to the shortness of the sections and the crude machin- 
ery and heating apparatus. 

In order to avoid confusion the following experiments and sections 
have been numbered in sequence from those described in Circular 
92. Thus, the last experiment conducted in 1909 was No. 14and 
the last section No. 15. The first experiment described below is, 
therefore, No. 15 and the first section beginning at station 0 on Kast 
Avenue is No. 16. 


EXPERIMENT No. 15, Section No. 16—O1-ASPHALT—PENETRATION METHOD. 


The section treated in this experiment was 300 feet long and be- 
gan at station 0. The wearing course of stone which ranged in size 
from 14 inches to one-half inch in diameter was laid 4 inches deep 
when loose and then rolled until firm. The bituminous material 
used in this experiment was an oil-asphalt similar to that used dur- 
ing the previous year in experiment No. 4, section No. 12, Mixing 
Method. Upon analysis it showed the following properties: 
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TABLE 1.—Analysis of oil-asphalt! used in experiment No. 15. 











Specific gravity 25°/25° G2.) SIT ss A ties cee da eee dn weno. eee 0. 958 
Melting point °C. (cube method)... 225. 2250044... oo. So 69° 
Penetration (No. 2 N, 5 seconds, 100 grams, 25°. C.)......... <2...) Dee ~ ae 
Per cent of Joss .at.163°.C.,.5 hours (20 grams)... 2... -22. 22 42 402 Loe 
Penetration of residue? (as above) .-..--2. a--<- + so 5-32 oe oo 184° 
Per cent of total bitumen insoluble in 86° B. paraffin naphtha..............- 22. 26 
Per'cént of fixed carbon:2 222) 20 Si. S eo ee 8. 87 
Per cent of bitumen soluble in CS8,, air temperature (total bitumen) ........ 99. 78 
Organic matter insoluble. o.oo eee oo eee we oye oe a a ae i 
Inorganic ‘matter. .02 2000S 2 DS Ee. Soe eee he ian 2 ee say 

100. 00 


This material was heated to between 250° and 300° F., and then 
drawn off into coal scuttles fitted with strips of metal, which were 
riveted across their spouts, so as to give an opening 44 inches across 
and one-half inch wide. The binder was then povred upon the pre- 
pared road surface at the rate of approximately 1 gallon per square 
yard. The surface was given a light coat of screenings (one-half inch 
in size and free from dust) and then rolled. More screenings were 
applied from time to time until all voids were filled. The surplus 
screenings and the dust caused by the grinding action of the roller 
wheels were then swept from the surface with rattan hand brooms 
and a paint coat of the hot bitumen was applied at the rate of 
one-half gallon to the square yard. Screenings were again applied 
in sufficient quantity to take up all surplus binder and the road was 
rolled until smooth and firm. | 

When last inspected on December 14, it was found that two spots, 
one about 5 feet square and the other 2 feet square, had begun to 
ravel. Owing to bad weather, these places were not repaired; they 
will, however, require attention at_the beginning of spring. With this 
exception, the section was in excellent condition. 


EXPERIMENT No. 16, A AnD B, Sections Nos. 26 AND 27—REFINED ASPHALTIC 
PREPARATION—PENETRATION METHOD. 

The two sections treated in this experiment had a total length of 
252 feet, beginning at station 19+06 on East Avenue and running to 
station 21+58 on South Avenue. The foundation was prepared in 
the same manner as for all of the other experiments. Upon this 
foundation the wearing course of broken stone ranging from 2 inches 
to one-half inch in diameter was laid 4 inches deep when loose. 
Clean, sharp bank sand was then applied to a depth of one-half inch 
over the surface. This sand was somewhat damp and a steel-tooth 
harrow was used to stir it until dry, and work it into the course of 
stone so as to fill the voids fairly well when rolled. The hot binder 
was then poured over the surface at the rate of approximately three- 


1 Semisolid, sticky. 2 Considerably harder, surface dull. 





t 

. 
b 
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fourths of a gallon per square yard, and immediately covered with a 
layer of three-fourths-inch broken stone spread just thick enough to 
cover the surface. 

The properties of this binder, which was shipped in barrels, are 
shown in Table 2. 


TABLE 2.—Refined asphaltic preparation! used in experiment No. 16, A and B. 





Tt Pe is ee a oine vale ebb enn bwcbalns 1. 004 
EEE OEE A See a a a PASSES 
TSE a, lc a SL 90° 
gl see al em a a a A 130° 
Sete or 10ce 26. 163° C., 5 hours (20 grams)-...........---2 2. cece eee nees 8. 37 
Cumrrroeritic at 00° (. (time). ._...... 2... cece eee eee cece Liao 
Penetration of residue? (No. 2 N, 5 seconds, 100 grams, 25° C.) ............. 64° . 
Per cent of total bitumen insoluble in 86° B. paraffin naphtha............... 17. 88 
EMRE ZEEEICING ey OAs kale Saige oc Sh ew gare ner ate ceee cee eee 12/21 
Per cent of bitumen soluble in C8,, air temperature (total bitumen). ........ 97. 94. 
EER THEOL IG ss $5) Oe Oe AULA ed oc 
NDS fc St S215 22 Bettas oer Je koe soa des SO . 65 
100. 00 


(a) The road was next rolled until firm, after which another appli- 

cation of the binder was made in the same manner as before at the 
rate of approximately three-fourths of a gallon to the square yard. 
Stone screenings were then applied in‘sufficient quantity to fill the 
surface voids and take up all excess of binder, and the road was fin- 
ished by rolling until smooth and solid. A total length of 106 feet, 
constituting section 26, was thus treated. 
(6) Cold, rainy weather made it necessary to discontinue the work 
at this point, although 146 feet had already been given one applica- 
tion of the binder. This section was, therefore, given a heavy coat of 
screenings to protect it against traffic until spring, when it should be 
completed. 


EXPERIMENT No. 17, Section No. 18.—O1m-AsPpHALT—MIxXING METHOD. 


The section treated in this experiment was 300 feet in length and 
began at station 3+50. Broken stone heated in the manner pre- 
viously described was used in the proportion of 6 parts by weight 
of from 14-inch to 34-inch stone to 2 parts of 3-inch screenings free 
from dust. These two sizes of stone were measured in wheel- 
barrows and carried to the mixer. The coarse stone was first dumped 
into the mixer and then the bituminous binder, heated to about 250° 
F., wasadded. After the mixer had made a few turns, the screenings 
were dumped in and the mixing continued until the stone had become 
thoroughly coated with the binder. The mixture was then dumped 
into wagons and hauled to the road, where it was spread on the foun- 





1 Viscous, sticky. 2 Semisolid, sticky; surface glassy, 


89047°— Cir. 94—11——2 
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dation from a dumping board to a depth of from 3} to 4 inches. After 
alight coat of stone chips, ranging from one-half to one-fourth inch 
in diameter, had been applied to keep the bitumen from sticking to the 
roller wheels, this course was well rolled. While rolling, more chips 
were added as required and, when thoroughly rolled, the surface was 
painted with about one- half gallon of the bitumen per square yard. 
Enough stone chips were then added to take up all surplus bitumen, 
and the road was finished with another rolling. This section presented 
a good appearance, and was firm and well bonded when finished. 
The properties of the bitumen used are shown in Table 3. 


TABLE 3.—Oil-asphalt} used in experiment No. 17. 











Specific gravity 25°/25° Cz so. 2c cnc. WEE oeecinie Sk oe c-Si ns ee 0. 991 
Melting point °C. (cube method ):.. .... -~ sas. os. clot ie. o- ene BY hs 
Penetration (No. 2 N, 5 seconds, 100 grams; 25° C.)....-....,... pea 187° 
Per cent of loss at 168° C., 5 hours (20 grams)...............--- 22s 0a 0. 92 
Penetration of residue? (as above):uiesys sel 2h5..\2). 6) il a 116° 
Per cent of total bitumen insoluble in 86° B. paraffin naphtha... ..<f a. 18. 93 
Per cent of fixed carbon...........2---:+-0esepecesel enn sese----22 5.0 9. 56 
Per cent of bitumen soluble in CS§,, air temperature (total bitumen)........... 99. 82 
Organic matter insoluble... 2.2... 262.5525 0.5-95 -6 oc 0. me 3 ee apie 
TGreAnIC WNACLCL. «es een ee eee eee eG 2D MP Ee eee . 07 

100. 00 


EXPERIMENT No. 18, A AnD B, Sections Nos. 20 anp 21.—SrEmisouip, REFINED, 
SEMIASPHALTIC O11t—Mixine MeETHop. 

The sections treated in this experiment had a total length of 300 
feet and began at station 7+26. The wearing course for both was 
mixed and laid in the same manner as described in experiment No. 17. 
The bitumen used showed the following properties upon analysis: 


TABLE 4.—Semisolid, refined, semiasphaltic oil? used in experiment No. 18, A and B. 











specific pravity 25°/25° OC... eet 5.2.5 he ee oe ee es 0. 985 
Melting point °C. (cube method). .............,000..-0204.- 12s 2 43° 
Penetration (No. 2 N, 5 seconds, 100 grams, 25° C.)....... so + a lale ge 242° . 
Per cent of loss at 163°«C., 5 hours (20 grams) ....:.....0.......-.. 5 one 0. 43 
Penetration of residue *(as above) .. 0s. dsece08 0.05) -0.-1.-02- 95: 1373 
Per cent of total bitumen insoluble in 86° B. paraffin naphtha................ 20. 29 
Per cent of fixed carbon... -. 22... <2... 0 meee o c's an em bene uae oe oe 11. 98 
Per cent of bitumen soluble in CS,, air temperature (total bitumen)........... 99. 70 
Organic matter insoluble... -.. 0... <n 5 aoc oie = + o0mnies ven sae es ue Cote ee .19 
Inorganic:matter. . 2... os ie. boa ak wa on ie be wale are ip wn ee ae i 
100. 00 





‘(a) For a distance of 206 feet, constituting section No. 20, the 
wearing surface was rolled, after screenings had been added, and then | 
painted with hot bitumen and finished off in the same manner as | 
described in experiment No. 17. 


1 Semisolid, sticky 3 Semisolid, sticky. 3 
3 Semisolid, sticky; surface lustrous. ‘ Considerably harder; surface dull and granular. 
d 
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(0) On the remaining 94 feet, constituting section No. 21, no paint 
coat was applied. The surface here was finished off by rolling in 
stone chips until the road was firm. The surface of this section was 
slightly rougher than that of No. 20, but quite satisfactory. 


-EXPermMeENT No. 19, A anv B, Sections Nos. 22 anp 23.—REFINED WaTeER-GAS 
TaR—Mix1ne METHOD. 


The two sections in this experiment had a total length of 300 feet, 
beginning at station 10+26. The wearing course was mixed and 
laid in exactly the same manner as described under experiment No. 
17, with the exception that a heavy, refined water-gas tar was used 
asa binder. The properties of this material are shown in Table 5. 


TABLE 5.—Analysis of heavy refined water-gas tar} used in experiment No. 19. 








eS a a eg nna i Epi iv 
SE CUNO) ee ee sir sc ee eens onc cee eee wince te eveeus AY SLT 
Per cent of free carbon (insoluble in C§,, air temperature).................. . 56 
Distillation: be mien, ene 
eres ek ce et Pee ee Mow ia. 0.0 0.0 
SATS DA Te AT pal 
Semerrent olla 110°-170° CO... i. elle. te ee ce “ye Eo 
ree an ee wae os iginie chem aie om mye ee ata, 20.1 
Ee en kk wie moe ww Some 375.9 79. 0 
100. 0 99. 4 


(a) For a distance of 130 feet, constituting section No. 22, the wear- 
ing surface was rolled, after screenings had been added, and then 
painted with hot bitumen and finished off in the same manner as 
_ described in experiment No. 17. 

(6) On the remaining 170 feet, constituting section No. 23, the sur- 
face was finished with a coat of tarred screenings instead of a paint 
coat. The screenings were mixed in the mixer and hauled to the 
road, where they were spread while hot to a depth of one-half inch. 
The road was then rolled and a thin layer of screenings, not treated 
with tar, was applied to take up the surplus binder, after which the 
road received another rolling. When finished, this section had a 
smooth, hard surface, but at the end of 10 days, after it had been 
opened to traffic, both (a) and (b) raveled badly in places. As many 
as possible of these raveled places were repaired before bad weather 
set in, but indications point to a continued disintegration. For the 
last 51 feet of section 23, a cinder-cement-concrete combined curb 
and gutter was built on each side. This is described under section 
No. 24, for which it was built. No cost for this work is, therefore, 
included in the cost data for this experiment. 





1 Very viscous, sticky. 3 Pitch residue, hard, brittle, and lustrous. 
2 Distillate clear. 
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EXPERIMENT No. 20, Section No. 25.—Or-ASPHALT—MIx1nG METHOD. 


The section treated in this experiment is 296 feet in length and 
begins at station 16+10. The wearing course was mixed, laid, and 
finished off in the same manner as described under experiment No. 17. 





In the last 146 feet, however, stone from 1 inch to 2 inch in size ‘ 
was used in the mixture in place of that ranging from 14 inches 4 
to 4 inch. When this section was opened to traffic, it raveled 
badly and rutted under heavily loaded wagons. The manufacturers 
of this product, realizing that it was too brittle, signified their desire 4 


to treat this section with a paint coat of a lighter material. It was — 
finally decided, however, to defer such treatment until spring, if it — 
was then needed. A cinder-cement-concrete combined curb and — 
gutter was placed along each side of this section for the first 25 feet. 
As this was done in connection with section No. 24, no cost for the — 
work is shown in the cost data of this experiment. 3 

The properties of the binder used in this experiment are shown in ~ 
the following table: 


TABLE 6.—Analysis of otl-asphalt 1 used in experiment No. 20. 








pecine ota vily 20° s20- Cy oa scons ae oa te ee ee +» -0 oe 1.061 @ 
Melting point ° C. (cube method)... 2. 2.22 25-25 oe ss - 2-5 eee ee 108° 
Penetration (No. 2 N, 5 seconds, 100 grams, 25° C.)...-.-- 2... 2 ee lt 
Per cent of loss at 163° C., 5 hours (20 grams)... ........... 22. . oo oe 0. 00 
Penetration of residue ? (as above).........-.-...--- will. Ee 41° 
Per cent of total bitumen insoluble in 86° B. paraffin naphtha............... 32.74 
Percent: of fixed carbon. 325. 202222. 529 22 a RS 22.03 
Per cent of bitumen soluble in CS,, air temperature (total bitumen).......... 99.84 
Organic matter insoluble......- 2.0.5... - 2. = Suen vere oie - 4 oe 16 
Inorganic matter......... rrr rrr ere ee 00 





100. 00 
EXPERIMENT No. 21, Section No. 17.—Om-ASPHALT—PREPARED-FILLER METHOD, 4 


Section No. 17 is 50 feet in length. The prepared-filler method of 
construction may be described as one in which the wearing course _ 
of stone is bound with a filler composed of a mixture of stone screen- 
ings and bitumen. The foundation for this work was prepared in 
exactly the same manner as described for all of the preceding experi- : 
ments. Upon this foundation a wearing course of crushed rock 
ranging from 14 inches to 4 inch in diameter was laid to a depth : 
of approximately 4 inches. This course was then covered to a 
depth of from 14 inches to 2 inches with the prepared filler, consist- 
ing of a mixture of stone chips, sand, and the oil-asphalt described 
in experiment No. 15. Both the aggregate and bitumen were first — 
heated and then mixed in the mechanical mixer. The proportions — 
of the constituents of this mixture were as follows: 11 cubic feet of — 





1 Hard, brittle. 2No apparent change. 
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stone screenings from } inch to } inch in size, 44 cubic feet of sand, 
and 5 gallons of bitumen. 

After the filler had been spread, it was harrowed with a light spike- 
tooth harrow, which worked it down into the wearing course. About 


_ four trips of the harrow were required to do this so that the coarse 


stone appeared on the surface. At this point the road was rolled 
until it did not creep under the roller and a paint coat of the hot 


bitumen was then applied at the rate of 4 gallon to the square yard. 


The road was finished with a light coat of stone chips which were 


rolled down’in sufficient. quantity to fill the surface voids and take 


up all excess of bitumen. 
EXPERIMENT No. 22, Section No. 19.—Or1t-ASPHALT—PREPARED-FILLER METHOD. 


This section is 76 feet in length. The method of construction was 
identical with that described under experiment No. 21, with the 
exception that the surface was finished off with a coat of the prepared 
filler about 4 inch thick instead of the paint coat. Results so far 
obtained would seem to indicate that such a surface is preferable to 
the paint coat. The bitumen used in this experiment is the same as 
that described in experiment No. 17. 


EXPERIMENT No. 23, SEcTION No. 24.—AspHALT Buock. 
Section No. 24 extends from station 13 + 26 to station 16 + 10, 


a distance of 284 feet in all. The foundation for this experiment 
was prepared in the same manner as for the other experiments except 


_ that 43-inch screenings were used in place of the No. 2 stone. 


A cinder-cement-concrete combined curb and gutter was built on 
each side of the section. The curb was 6 inches high and the gutter 
was 15 inches wide, and both were 6 inches thick. The body of the 


‘eurb and gutter was composed of a mixture of Portland cement, 


sand, and cinders in the proportion of 1: 2:3, respectively. Both 
were faced about 1 inch thick with a mixture of one part of Portland 
cement and three parts of sand. 

A mixture (1:4) of Portland cement and sand, moistened so that it 
would stick together when compressed, was spread over the founda- 
tion for a depth of from 1 to 2 inches and was then struck off with a 
template having a crown of 4 inch to the foot. When the surface 
was thus made smooth, the asphalt blocks were laid on the sand- 
cement cushion, flush with the top of the gutter, under the supervi- 
sion of askilled block layer. Twenty-one blocks were required for each 
square yard. After the entire section had been laid, a thin layer of 
clean sand was spread over the surface so as to fill the joints between 
the blocks. This section was not opened to traffic for about 10 days 
after completion, in order to give the cement-sand cushion time to set 


’ thoroughly. Most of the sand and cement was mixed by hand on a 


mixing board, although the concrete mixer was also used to some 
extent for this purpose. ; 
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The properties of the asphalt block are shown in the following table: 


TABLE 7.—Analysis of asphalt blocks used in experiment No. 28. 


Percent soluble in CS,, air temperature (total bitumen)...............-...-.-. 6. 25 
Per cant of;mineral matter, CtCe so .. wig 2 ts beng ce © hun «Sct ns cee nin 93. 75 - 
Per cent retained.on a 10-mesh sieve...2.2.... 2220-20 9. sas - 20>. . Se 
Per cent)passing 10, retained.on, a 20-mesh. . 0.0 2. 25 252% 40 0+ he 18.0 
Per cent passing 20, retained on a.d0-mesh.....5..... 4.20---:- sss sea eee 6.7 
Per cent passing 30, retained on 'a°00-mesh.- 7, 2... ee cna = a 8.2 
Per cent passing 50, retained ‘on’a 80-mesh-2.. 2.022. 2. Tite ee ie 
Per cent’ passing 80, retained on a 100-mesh../...022). 0.2.5... .09. Soe 4.3 °° 
Per cent passing 100, retained on a 200-mesh..............-. psc 2 ee 12.0 
eber cont passing, 200-mesh a vga. snc paleo oe eye ee eimek =e Le se 18.5 
100. 0 
Extracted bitumen:? 
Specific. gravity 25°/25° OF a. JOUR a ee. ee, 1. 055 
Penetration (No. 2 N, 5 seconds, 100 grams, 25° C.)........-.....-..--. 373 
Per cent.of. loss at.163° C., 5 hours (20,grams) .... -..)-1 +. 20.32 - 8 eee 0. 10 
Penetration of residue ? ae above).. So say ee 30° 
Per cent of bitumen insoluble in 86° B. Senerttitiy naphihas sieipin'« =n 29.14 
Percent of fixed carbone. 7.0... aces ee os tae One ee a eee 7. 04 


SUMMARY OF EXPERIMENTS AT ITHACA, N. Y. 


When last inspected, on December 14, 1910, all of the sections 
were in fairly satisfactory condition with the exception of Nos. 16, 
22, and 25. The final results will be published later. The cost 
data for the various experiments are given in Tables 8 and 9.. 


TaBLE 8.—Items of cost. 


EXPERIMENT NO. 23, SECTION No. 24—ASPHALT BLOCE. 


Leveth of section! 2.2. . 2° a Rie or. Besoin Sear ae feet.. 284 
Aroator SOCLION Moc sty. hee. Be ae ere? fe square yards.. 533 
Teergth Owe ur bing a... «oe wave bie tend fhe eee «Ae eee feet.. 568 
Sand and cement cushion per square yard ..................- cubic yards. . . 042 
Number of blocks per square yard. 72) -..s6.e.sc- 0 oe eect ee ee en 21 
Cost of curb and gutter per running foot .......-....-....--...--.- cents. . 23. 52 
Cost of preparing old road foundation per square yard............. cents. . 8. 67 
Cost-of haulino-and laying blocks. .2--.0,-4--:-+---- <> <er cae oon 17. 97 
Cost or- block per square yard<'>: 2228.92, Ieee es ee dors 98. 70 
Cost of freight on blocks per square yard.............--.---.-.---- dole 31. 08 
Cost of cement and sand cushion per square yard...............-.. dois 9. 38 
Miscellaneous expenses per square yard:.............-...--.------ dovs.8 1, 62 
Cost of curb and gutter per square yard of road...................- UG. 26. 46 
‘Potal. cost! perisquare ‘yard '- *. 2. cine dem Aone ponerse et es ee ae do..:.-. 193/88 
Total cost of entire section... 4+ «ab Ak Scrum ohn once se ee ae $1, 033. 38 





1 Hard, smooth, glossy surface. 2 But slightly changed. 





TaBLE 9.— Materials and cost data of experiments at Ithaca, N. Y. 


PENETRATION METHOD. 


Total cost— 


Cost data (cents per square yard). 


Quantity of materials. 


Description. 
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ROAD PRESERVATION. 
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TABLE 9— Materials and cost data of experiments at Ithaca, N. Y.—Continued. 


PREPARED-FILLER METHOD. 


DUST PREVENTION AND ROAD PRESERVATION. 
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18 DUST PREVENTION AND ROAD PRESERVATION. ~ 
EXPERIMENTS AT KNOXVILLE, TENN., 1910. 
TAR AND OIL PREPARATIONS. 


The road selected for these experiments is known as Rutledge Pike 
and is one of the main county roads leading into Knoxville. It is 
subjected to heavy automobile and country traffic the year round. 
The section selected for these experiments was an old macadam road 
beginning at the old schoolhouse and running northeast to Lake 
Street, a distance of 980 feet. All of the intersecting streets are clay. 

The work was begun on July 25 and finished September 7. For 
all of the experiments a foundation was prepared as follows: The 
old road, which was very uneven, was first spiked up with a steam 
road roller equipped with spikes. It was then brought to a true 
gerade with a road machine and slips, and after this a spike-tooth har- 
row was used to bring the coarse stone to the surface and work the 
fine material down. Crushed limestone, ranging from 2 inches to 
2 inch in diameter, was then spread over the road to a depth of 2 
inches and rolled with a 10-ton roller until frm. This stone was a 
soft limestone costing 90 cents per cubic yard f. o. b. street cars at 
the crusher, about 5 miles from the road. Freight amounted to 30 
cents per cubic yard. The stone used in the bituminous wearing 
surfaces was fine grained and very hard, and was known locally as 
iron limestone. This material cost 674 cents per cubic yard at the 
crusher, from which it was hauled to the road in wagons holding 14 
cubic yards each. One team could haul 6 cubic yards per day. 

The road was constructed 20 feet in width, with a 3-foot earth shoul- 
der on each side. Station 0 was opposite the old schoolhouse. From 
station 5+50 to station 10 the road was about level with the sur- — 
rounding country, and it was therefore found necessary to cut side 
ditches low enough to secure good drainage. A 15-inch corrugated 
iron cross drain, which emptied into an outlet ditch, was placed at 
station 6+05 and an 8-inch cast-iron drain 36 feet long was placed 
across Lake Street at the intersection. 

A crown of one-half inch to the foot was adopted for both the 
foundation and the bituminous wearing surfaces. The bituminous 
binders were heated in two 120-gallon unmounted kettles and applied 
according to the penetration method. These kettles were not 
equipped with fire boxes, so that heating and applying the bitumens 
proved a slow and costly operation. Two sections of roadway were 
constructed with refined tars and one with an oil asphalt. 

The labor employed was unskilled, and consisted mainly of negroes. 
Common labor for the foundation work was figured at $1.35 per 
10-hour day, and for the bituminous work at $1.50 per 10-hour day, 
Double teams cost $3.50 per day, and the roller and operator $3 
per day. 
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_ ExpEermmMeEnt No. 1, Section No. 1.—Rerinep Coan Tar—PENETRATION METHOD. 


The section treated in this experiment begins at station 0 +25 and 
is 217 feet in length. Upon the foundation, prepared in the manner 
; previously described, a wearing course of the hard limestone crushed 
= ‘to sizes ranging from 2 inches to # inch in diameter was laid loose to 
a depth of 4 inches. This stone was clean and free from dust. The 

road was then rolled with the 10-ton steam roller until firm, and after 

this the binder was applied, heated to between 250° and 300° C. 
_ Application was made at the rate of 14 gallons per square yard by 

pouring the hot binder from coal scuttles, fitted with strips of metal 

across their spouts, so as to give an opening 44 inches across and 4 

inch wide. The road surface was then given a light coat of 4-inch 

stone screenings, free from dust, and rolled. More screenings were 
applied from time to time until all surface voids were filled. 
_ The surplus screenings and dust caused by the crushing action of 
the roller were then swept from the surface with rattan hand brooms 
and a paint coat of hot tar was applied at the rate of one-half gallon 
to the square yard. Screenings were again applied in sufficient quan- 
tity to take up all excess of binder and the surface was well rolled. 
The road did not “‘set up” satisfactorily, but waved under the roller, 
so that the use of a large quantity of screenings was required to obvi- 
ate this difficulty. Even then the surface failed to bond as was 
desired. After 10 days the road was opened to traffic, which caused 
raveling in three or four places. Owing to the fact that the supply 
of tar had been exhausted, these places were patched with the mate- 
rial used in experiment No. 3. After this section had been opened 
for about three weeks, the road became smooth and solid. 

The properties of the binder used in this experiment are given in 
the following table. It was used upon request, owing to the fact 
that a small supply was already on hand at Knoxville. The price of 
this material at the storehouse was 11 cents per gallon. 


TABLE 10.—Analysis of refined coal tar! used in experiment No. 1. 








So oe can ooo co anno yar ane ape nercens Wegener 1. 249 
ECG ose en ee ees e epic near sncarccpecs cians 1’ 47” 
ST ne lnee me cn gcn eres ret wecenseure 44// 
Per cent of free carbon (insoluble in CS,, air temperature).......------------- 26. 31 
Distillation: 
Per cent Per cent 
by volume. by weight. 
ee a kc bee eevernceeeatadal Trace. Trace. 
First light: ee Sis cencben sb acmeoys 0.4 0, 2 
Second light oils 110°- 170° C. Be ae. oe aes Greedy’ in 22.2 1.6 
Ey, lea dence csoecrwscsecs 324.9 20. 0 
arrest re EG Lie: ool ee. 492.5 1 pe; 
100. 0 99.5 





1 Viscous, fluid, sticky. * Distillate showed about one-half its volume precipitated solids when cold. 
2 Turbid. 4 Hard, brittle, dull fracture. 
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EXPERIMENT No. 2, Section No. 2.—REFINED TAR PREPARATION— PENETRATION 
METHOD. 


Section No. 2 was constructed in the same manner as No. 1, with © 
the exception that a different tar binder was employed. This sec- 
tion begins at station 2+ 42 and is 590 feet inlength. The properties 
of the tar binder, which was a refined mixture of coal tar and water- 
gas tar, are shown in the following table. It was made to conform 
with specifications drawn up by the Office of Public Roads. 


TABLE 11.—Analysis of refined tar preparation ! used in experiment No. 2. 


hRowose 








Specific gravity 25°/25°°O.b. scp) sade. Gia. eee es ee See a ee seh 
Float test at 50° C. Gaiee Sa baht «onli paenkse ee doee-p eee 4” 29/7 
Per cent of free carbon mahi in C§,, air temperature)... - ... 0. om ee 
Distillation: 
Per cent Per cent 
; by volume. by weight. 
WWORCE S tte nn ee eS oes tae Se te ee ee 0.0 0. 
Piret lizghtoils ‘to 110°: CO GORI Ree See. eee 0 
Second ight:oils 1109=170% Ga. jetta eae eee 2 a 
Dead oiled 700-2709. Ce. oe oe oe Nee aa ee eee oe 3 ae 18. 
Ibiichresidue -* 22 7 0a. 2 ee alee ee ee 476.4 80. 
100. 0 99. 5 


EXPERIMENT No. 3, Section No. 3.—Orm-ASPHALT—PENETRATION METHOD. 


Section No. 3 begins at station 8+32 and is 173 feet in length. 
It was constructed in exactly the same manner as section No. 1, 
with the exception that an oil-asphalt was used instead of tar for 
a binder. This material was shipped in 40-gallon thin sheet-iron 


containers. After the containers had been cut and stripped from — 


the oil-asphalt, it was cut with hot ax blades into pieces small enough 
to be heated suitably. The properties of the binder are given in 
the following table: 


TaBLE 12.—Analysis of otl-asphalt > used in experiment No. 3. . 











Specific gravity 25°/25°. 0 Jes lad tos tee ecw Lekniees aoe 0. 998 
Penetration (No. 2-N, 5 seconds, 100 grams, 25° C.)........2- 0. a-- eee 86° 
Per cent of gain at 163° C., 5 hours (20 grams)........... we wclele og Oe 0. 02 
Penetration ot residue ® (as above) s.a8:. aoe eee sa s oe ee we woe nin cole 
Per cent of total bitumen insoluble in 86° B. paraffin naphtha .............. 22. 88 
Pereent of fixed carbon. oc 62d ssc + vp en tiem cts ee oe eine © cokes oe 13. 78 
Per cent of bitumen soluble in C8,, air temperature (total bitumen).......... 99.85 
Organic matterinsoluble.-.... 2) isc co 26as + e+ am Sisnis stems om wine Se . 10 
Inorganic matter... ..5 00 ss ss cc aw ajc ee on 35 sn alee » eae be oe 05.9 
100. 00 


The cost data of these experiments are given in Table 13. 


1 Very viscous, sticky. 4 Hard, fairly lustrous. 

2 Clear. 5 Semisolid, sticky. 

3 Distillate showed about two-fifths its volume 6 Slightly harder, otherwise unchanged. 
precipitated solids when cold. 
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me SUMMARY OF EXPERIMENTS AT KNOXVILLE, TENN, 
Ass: if 


n last inspected, on December 17, all of the sections treated 


been exposed to the rain. When this water was removed, the 
ar was easily handled and produced a satisfactory section. 
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EXPERIMENT AT AMES, IOWA, 1910. 
OIL-ASPHALT-GRAVEL. 


The experiment at Ames was conducted by the Office of Public 
Roads in cooperation with the Iowa State highway commission. 
Early in the year it had been the intention of the commission to try 
a number of experiments in bituminous-road construction, but for 
various reasons it was finally decided to postpone this work until the 
spring of 1911. However, as one manufacturer had already donated 
a certain quantity of oil-asphalt, it was thought best to try this 
material in 1910. 

The road selected for this experiment was an old gravel road in 


the grounds of the Iowa State Agricultural College, beginning at the 


south gate. The section of this road that was resurfaced begins 
at the south gate and runs north for a distance of 300 feet.. It has 
an average width of 27 feet, running from a cement curb and gutter 
on the western side to an old brick gutter with no curb on the eastern 
side. The old road was about 6 inches thick and had been regraveled 
during the spring. While well bonded during a good portion of the 
year, it became very dusty in dry weather. Traffic over it is rather 
light. This section was surfaced with gravel and oil-asphalt as 
described below. 

Work was begun on September 19. Common labor for this experi- 
ment was figured at $50 per month; foreman, at $75; double teams 
and driver, at $4.50 per day; and roller, at $10 per day. The labor 


~ consisted of the campus force. A tar kettle holding about 10 barrels 


was loaned for this work. The gravel used was a local product cost- 


ing 25 cents per cubic yard at the pit. It was very fine, and con- 


sisted principally of stone, pea-sized and smaller, but contained 
comparatively little clay or silt. The oil-asphalt was figured at 72 
cents per gallon at Ames. Scrap wood for heating the bitumen cost 
50 cents per load. The properties of the oil-asphalt are given in the 
following table: 


TaBLE 14.—Analysis of oil-asphalt } used in experiment at Ames, Iowa. 











i as ain ASE In whet clon ng aah 0. 988 
IEE © PCG MONO ). «== ce eess ep ee me en ele nena s ee eg tenes 83° 
Seetration (No. 2 N, 5 seconds, 100 grams, 25° C.).........-....---------+--- 95° 
nnror 1064 at 163° C:;'5 hotirs (20'grams).....-.....-...-2- 022-20 ot see 0. 08 
Seeeetion ot residue’? (as above)... /1.-0...Ji0. 2222. eee ee 75° 
Per cent of total bitumen insoluble in 86° B. paraffin naphtha........--.----- 23. 79 
I ety eS i ee oe no nad ete d eerie aaa 15. 64 
Per cent of bitumen soluble in CS,, air temperature (total bitumen)....--.-.-- 95, 45 
I te. eke cae ne n= amen r ences es seams 4,27 
i... cee gece en cc eens neces ete eree 28 
100. 00 





1 Semisolid, short, cheesy. 2 Not much changed. 
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In this work the old road was first prepared by working it with a 
disk harrow until the surface had been loosened to a depth of approxi- 
mately 2 inches. Fresh gravel was then applied and spread with a 
road grader until the road was well shaped. The loose gravel was 
harrowed with a spring-tooth harrow until the coarsest material 
appeared on the surface, after which it was ready to receive the 
application of oil-asphalt. 

The oil-asphalt had been shipped in thin Bheceen drums. These 
were removed by rolling the drums on two pieces of iron rail over a 
small fire built in the gutter. The sheeting was first cut into strips, 
which were afterwards peeled off as the bitumen next to the metal 
melted. The oil-asphalt was then cut into pieces of suitable size by 
means of a wire, and heated in the kettle to about 300° C. It 
was applied to the prepared road surface by pouring from coal 
scuttles fitted with a strip of metal across their spouts so as to 
form a slot approximately one-half inch wide and 44 inches across. 
Application was made at the rate of approximately 14 gallons to the 
square yard. On a part of this section the gravel was first raked 
back for a distance of 3 feet, and the hot bitumen was applied and 
then covered with the gravel which had been raked back. This 
operation was repeated a number of times. 

Shortly after application the oil-asphalt cooled in a tough, leathery 
sheet over the entire road without penetrating to any appreciable 
extent. At this point the road was thoroughly saturated with water, 
supplied from a near-by hydrant, by means of a hose. It was then 


worked for some time with a disk harrow on which the disks had 


been reversed. By this means the sheet of bitumen was first cut 
into strips and then cut and worked into the wet gravel to a consid- 
erable extent. The mixing process was hastened somewhat by run- 
ning the harrow at an angle crisscross over the surface. After as 
good a mixture as possible had thus been secured, the road was 
allowed to dry out to a considerable extent, when it was rolled with 
a 10-ton steam roller until smooth. The finished surface had a 
crown of a little over one-half inch to the foot, and when last 
inspected, on October 12, had the appearance of a rather dirty 
asphalt pavement. The bitumen was not mixed with the gravel as 
completely as might have been desired, owing largely to the hardness 
of the oil-asphalt. A somewhat lighter product could undoubtedly 
have been handled better and would have given more satisfactory 
results. The materials and cost data of this experiment are given 
in the following table: 


*) 
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TABLE 15.— Materials and cost data for experiment at Ames, Iowa. 

















a GE Be oe a ae ee re feet.. 300 
EINE Ee as oe Grrr square yards.. 900 
Seen eVOM DOG ECUAaTC YATO «oi eee ad yee eee eee cubic yard. . . 053 
ME UALG VATC see ec eee eee gallons. . 1.41 
Cost of shaping old road per square yard................22-........ cents. . 0. 830 
Cost of hauling gravel per square yard................-.2.-..-..--- do) fa) 1. 401 
Meee ACQUATCC Var oo. 8 a ee oe eee, 6e cr .014 
Total cost of preparing surface per square yard.................... doles 2. 245 
Cost of hauling oil-asphalt per square yard.............22222220.... dosez . 266 
oro. hauling fuel per square yard.......:.......-.....222.0222- dovius . 180 
Cost of heating and applying oil-asphalt per square yard...........do._.. 2.217 
Cost of oil-asphalt delivered at Ames per square yard............... dons cate eden 
RT CUE VOTO oe ae ee ack ain fe ee ce ee oes ~hOL 
Cost of mixing oil-asphalt on road per square yard................. GOs sce . 748 
Memmi porsquare yard... 22 Pl Sys 2.22. ee do:aee is 8) 
Miscellaneous expenses per square yard................-....----.-. doskee . 675 
SummereoeG Of Ot) work per square yard .....--..-..0-..0.-...,22---5. do.2. =. Slseas7, 
oeecost of all work per square yard...-..-....:.-.....-..0.1...-. doiy 3? Abie 
RnDreil ir SOCtIONS fet 92mg ase lei. Sc ie BIE $160.04 


EXPERIMENT AT BOISE, IDAHO, 1910. 
OIL-GRAVEL-MACADAM. 


The experiment at Boise, Idaho, was conducted by the Office of 
Public Roads in cooperation with the road commissioners of Ada 
County. At the request of the commissioners an engineer was sent 
to Boise for the purpose of making a survey of the proposed road and 
to draw up specifications.for the work, which was afterwards begun 
under his supervision. After the work was well under way the engi- 
neer resigned and nearly five weeks elapsed before another man could 
be sent in his place. During this time no detailed cost data of the 
work had been kept, so that the following report includes only the 
work done by the second man in connection with the application of 
oil to the road. 

This road is a continuation of Ninth Street running south from the 
Boise River and ending at Morris Hill Cemetery. Its total length is 
7,262 feet, and for a distance of 5,163 feet it has a width of 16 feet, 
while for 2,099 feet the width is 20 feet. Beginning at the bridge 
which crosses the Boise River, the first 2,099 feet had been an old 
earth road composed of very fine soil, which became exceedingly 
dusty during the long dry spells that are of common occurrence in 
that locality. When work was begun on the section, the old road 
which was to serve as a subgrade was covered with dust for a depth 
of 6 inches. The subgrade should have been watered at this time 
and properly crowned, but this was not done. The No. 1 course was 
placed directly upon this dust bed and the shoulders were nothing 
more than dust heaps. 

89047°—Cir. 94—11——-4 
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The foundation course of No.1 stone was placed loose, upon the sub- 
grade to a depth of 6 inches, filled with sand, and rolled with a 12-ton 
steam roller. This course consisted of river gravel ranging from 24 
to 14 inches in diameter, and 50 per cent of it had been crushed. | 

Upon the foundation a wearing course of crushed gravel, ranging 
from 14 inches to 4 inch in diameter, was placed loose to a depth of 
24inches. Because of a delay in shipping the oil, the gravel was rolled 
and allowed to stand for some time before the oil was applied. The 
following description covers the work and cost data for it from this 
point on in the construction of an experimental section. 

This section extends from station 51+63 north to station 68 +34, 
which is 428 feet from the bridge crossing the Boise River. It is 
1,671 feet in length and 20 feet in width, and is subjected to a con- 
siderable amount of heavy teaming traffic in addition to light horse- 
drawn and automobile traffic. Common labor was figured at $2 per 
day for this work, while the double team and driver cost $5 per day. 

The wearing surface was first prepared to receive the oil by har- 
rowing it until the coarse stone came to the surface, filling low spots 
and otherwise bringing the surface to a $-inch crown. The oil, which 
was a heavy California residuum, shipped in a 6,500-gallon tank car 
from Port Richmond, Cal., was furnished under specifications drawn 
up by the office. It cost 2 cents per gallon f. 0. b. Port Richmond, but 
the freight charges to Boise increased this cost to over 11 cents per 
gallon. Upon examination this oil showed the following properties: 


TaBLe 16.—Analysis of asphaltic oil residuum used in experiment at Bovrse, Idaho. 











Bpecinc Pravity. 20 (20 2G . oo 6 oa is oR oe 0. 998 
tipeuiene ge oe -O. (te) ns. noc = goles ee oan a ee 6’ 54” 
Percent of loss at 163°-C:, > hours (20 grams): --. te. 2 . 90 
Hisar teston residue (as above): 220PS CPF SOs eA ee ee 12 Ses 
Per cent of bitumen insoluble in 86° B. paraffin naphtha... ..............- ‘OMIT 
Per cont oidixed carbons: a2. -psererecigeca. ae boo hae eee 6. 28 
Per cent of bitumen soluble in CS,, air temperature (total bitumen)....... 99.95 
Organic matter insoluble: 2 25. 20a ee eee ee ee . 04 
Indranic.matter... «-/giaesear dees cei aoe ope eee ob ee ee .01 
‘ 100. 00 


This oil was heated in the tank car near the road at the gas com- 
pany’s siding, by the means of steam at 60 pounds pressure. The 
car was equipped with 5 lengths of 14-inch pipe placed about one- 
fourth the way up from the bottom, which did not present sufficient 
heating surface to heat the oil satisfactorily, and a full week was 
required to empty the car, since the work was handicapped to a con- 
siderable extent by the cold weather. Because of these conditions 
it was never possible to apply the oil in as fluid a condition as desira- 
ble. The steam used for heating the oil was supplied from the boiler 


! Viscous, sticky. 2 Very viscous, sticky; surface lustrous. 
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of the gas company. Considerable time was lost in attempting to 
pump the oil from the tank car to the distributing wagon and it was 
finally emptied in this wagon by gravity, after a pit had been dug 
sufficiently deep to-bring the top of the tank wagon below the bottom 
of the car. | 

The distributing wagon consisted of a 500-gallon sheet-iron tank 
fitted with steam coils and mounted on a wagon body. It was fitted 
with a patented distributor which was operated by a man seated 
back of the tank. This distributor was built in three 2-foot sections 
so that the oil could be applied through a series of small holes for a 
width of either 2, 4, or 6 feet at one passage of the wagon. The dis- 
tributing pipe was so arranged that it could be raised or lowered to 
any desired height above the road surface. It was admirably de- 
signed for the application of rather light fluid oils, but was not 
strongly enough constructed to apply the oil in question. A num- 
ber of its parts were broken during operation and the work of appli- 
cation was thus delayed. 

The oil was applied to the prepared road surface by means of this 
distributor at a temperature of but little over 100° C. at the rate of 
1.75 gallons to the square yard. The wagon was drawn over the 
road by the steam roller. Application was not as uniform as could 
be desired because of the low temperature of the oil, a fact. which 
also hindered its penetration into the wearing course. After the oil 
had been applied, sand was spread over the road surface, which was 
then rolled. As the rolling proceeded, the oil sweated to the surface 
in places and more sand was applied as occasion required. When 
finished, on October 8, the road presented a good appearance, with 
the exception of a surplus of sand. This, however, was allowed to 
remain in order to absorb the oil which it was expected would ooze 


_ to the surface for some time. 


The cost data for this experiment are given in the following table: 


TABLE 17.— Materials and cost data for experiment at Boise, Idaho. 


0) Oe Ek 2 owe leie a ne vesicle ws Fy feet.. 1,671 
EE At Peo tc esse -a----------->---SQuare yards:. 3, flo 
I SCT eee cls UR Oo wey ee inn we ten cubic yard... . 035 
IS ALTE ot 90) A Se a a a gallons. - iyo 
Cost of harrowing wearing surface per square yard............---- cents. - 0. 20 
SM Tere Valo ce dos ee - dee ie eee eee Oe a. 3. 50 
Cost of freight and demurrage on oil per square yard..........-.---- dow. 15. 75 
Cost of heating and applying oil per square yard.......-.-.-.------- do Pa 2. 43 
Cost of sand at the road per square yard.............---------+---- dos) 3. 50 
iesuenreadine sand per square yard...............:---..------- nee ee . 20 
DTG OCITATG VETO te ce caw cae op nn wie os oo win n Swims Lope 3.25 
MnO TON GUMLALS PURI Wrt. seis sips ain a - Danis nig aie reieig oe eS dox9: 28. 83 


Bm eigOL G0tITe SOCHOD 8-5). -.--n- <-- <0 a coin o = 2+ 2 odie tinea ins $1, 070. 46 
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EXPERIMENTS AT WASHINGTON, D. C., 1910. 


CONCENTRATED WASTE SULPHITE Liquor, SEMIASPHALTIC Oz 
EMULSION, AND O1L-CEMENT-CONCRETE. 


SURFACE TREATMENT. 


The roads selected for the experiments with concentrated waste 
sulphite liquor and semiasphaltic oil emulsion are located in the 
Agricultural Department grounds, Washington, D. C. They are 
trap-rock macadam, which was originally bound with screenings of 
soft limestone and, although subjected to only a moderate amount 
of light traffic, they became quite dusty in dry weather. The sul- 
phite liquor’and oil emulsion were used not only for the purpose of 
laying the dust, but also to act as surface binders. 


EXPERIMENT No. 1, Section No. 1.—CoNCENTRATED WASTE SuLpHITE Liquor. 


Section No. 1 connects Thirteenth and Fourteenth Streets and is 
the same section that was treated with concentrated waste sulphite 
liquor in 1909. A complete description of this experiment was pub- 
lished in Circular No. 92. At the beginning of spring the road was 
in good condition, but with this exception there was no evidence of 
previous treatment. It was decided to-continue the application of 
concentrated waste sulphite liquor to this road during the year. 
Application of the material was therefore made from time to time as 
occasion required. -Upon examination this sulphite liquor showed 
the following properties: 


TABLE 17.—Analysis of concentrated waste sulphite liquor! used in experiment No. 1. 


SPOCIICIPTAVILY. 20 (20. Oo. 6 x22 ee ents eee ne oat ne a 1. 265 
Per cent of loss at 100° C., heated to constant weight......................... 50. 25 
Per cent of total solids as residue......-.-.. Ls cae vate soc ee ee ee 49.75 
Percent of ash 2. 22.242 os cape eee < eee oi oe ene, ee 6. 94 
Fer. cent of organic solida::. 2ic00 tn Sis pees e 42.81 


This material was pumped from the barrels in which it was shipped ~ 
into an ordinary watering cart by means of arotary hand pump. It 
was then diluted with water to the desired strength and applied in 
the same manner as water. Six applications were made during the 
season and by this means the road was kept practically dustless and 
in excellent condition. Before each application the road was swept 
free from sticks, leaves, and other detritus with ordinary hand brooms. 
For this and the other surface-treatment experiments common labor 
was figured at $2 per day of 8 hours; a 300-gallon sprinkling cart, with 
one horse, at $5 per day; and a 500-gallon sprinkling cart, with two 
horses, at $7 per day. The section was 615 feet in length and 16 feet 
in width, making an area of 1,093 square yards. The materials and 
cost data for this experiment are given in Table 18. 





1 General characteristics, brown fluid, viscous, and sticky. 2 Light gray. 
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_TaBiE 18.— Materials and cost data for experiment No. 1—Concentrated waste sulphite 








liquor. 
Binder | Cost data(centsper| Total] 
a. re (gallons square yard). cost 

Date of application. tion (per per (cents per 

cent). square ; square 

yard). | Binder. | Labor. yard). 
a a 50 0.142 | ~ 1.988 0.161 2.149 
a Re AES a ha ee fe ea 50 - 103 1. 442 - 120 1. 562 
EES ae ee ee 163 . 046 . 644 - 103 - 747 
RGR AR oe ne 25 - 091 1.274 132 1. 406 
Se ary ote ir cee seein ess - 333 123 1.722 202 1.924 
PSO PO WE Wielp tints Uw ble <lodeisc unc ccc cess saceecee- 334 165 2. 310 265 2. 575 

Se A OO en ee 670 9.38 98 10. 36 


Total cost of entire treatment, $113.23. 


EXPERIMENT No. 2, Section No. 2.—SEMIASPHALTIC O1L EMULSION. 


Section No. 2 is an extension of section No. 1, and connects Thir- 
teenth and Twelfth Streets. It 1s 398.7 feet in length by 16.1 feet in 
width and has an area of 713 square yards. The condition of this road 
before treatment was not quite as satisfactory as that of section No. 1. 
The emulsion used in this experiment had been purchased the previous 
autumn and during the winter had been stored out of doors. During 
this time a certain amount of separation of the oil from the emulsifying 
agents had taken place in each barrel and it was found impossible to 
emulsify this separated oil, which floated to the top of the mixture in 
the sprinkling cart. This oil caused considerable trouble by clogging 
the sprinkler and, when applied to the road, produced soft, sticky 
places, which had to be sanded. In order to avoid this trouble, the 
watering cart was never completely emptied on the road, but the 
separated oil was run off on a vacant lot. Notwithstanding this 
trouble, the material as applied proved to be quite satisfactory and 
would undoubtedly have shown up to better advantage had it been 
used before the separation had taken place. 

Because of the separation a fair sample of the original material 
could not be obtained for examination. The following analysis, how- 
ever, shows the material which was actually applied to the road after 


the separated oil had been removed, but before water had been added: 


TaBLE 19.— Analysis of semiasphaltic oil emulsion ' used in experiment No. 2. 


Mumerenity 20/20" CO. 225 2... oe cn 2 ne ee ee ee a, O9G2 
Per cent of loss at 100° C., 5 hours ? (20 grams).....-..-------------------- 19, 94 
Examination of residue: 

Per cent of organic matter soluble in CS,, but insoluble in 86° B. paraffin 


Sp ee eee ac 11. 83 
IIA CLA SX GUPATIOI. cos. os Ob bok ce oe oso ape ce ne seen see eee 4,28 
Per cent of material soluble in C8,, air temperature...-.-.-------------- 99. 08 
Organic matter insoluble.-..........--.+-------- 22-2 eee eee rece eee 81 
Me intel 2 pete ea - + 2 n-ne ae tee ets EL 

100. 00 


1 Fluid, sticky; piney odor. 2 Semisolid, sticky. 
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This material was handled and applied in the same manner as the 
concentrated waste sulphite liquor previously described. After the 
third application the road was sanded in places where the oil had 
made the surface sticky. A thin asphaltic skin was gradually formed 
over the road, which gave it the appearance of a bituminous macadam 
road with a mosaic surface. The materials and cost data for this 
experiment are given in Table 20. 


TABLE 20.— Materials and cost data for experiment No. 2—Semiasphaltic oil emulsion. 





F Cost data (cents per} Tota] 
Strength Binder Sand square yard). hat 


af calc (gallons | (cubic (cents 


Date of application. per yards per 





tion (per : per 
quare square 
cent). yard). yard). |Binder.} Sand. | Labor. waasy 
yard). 
DEL oe tae tw aa Cana oe a cate ae tn ores. 20 Os0540T pec eee Of) | See eee 0.161 0. 917 
A DITS res sh poeta Reese chee dats <a 20 0460) Sosa nee 6447). 52 22c-. 120 764 
PA DEM Oe wie cee hone aot eee aces 162 0300 0. 0005 420 0.05 101 571 
MSY: 20 ar ee eee oe ers oe eee Sate 84 012332 Sees ee 172. |e. Bee 103 275 
AR La (SI 4S hae na nee a iapatl et en Sey ki te le 11 O2Z25 Eee ee BLO lonee eee 132 447 
Ag DEG Pas sg a ei Ree Se ere 11 0222 32 2aeee Seeks Slice 202 513 
Total ¥..o468) Coste se odere ce ah Lee . 187 .0005 | 2.62 05 82 3.49 





Total cost of entire treatment, $24.88. 


EXPERIMENT No. 3, Section No. 3.—SEMIASPHALTIC Ori EMULSION. 


Section No. 3 adjoins section No. 2 and runs south almost parallel 
to Twelfth Street. It is 750 feet in length, 15.7 feet in width, and . 
has an area of 1,310 square yards. It was not in as good condition 
before treatment as section No. 2, because the surface was raveled 
in places and the coarse stone of the foundation was showing through. 
This road should have been reconstructed, but as no money was 
available for the purpose, it was decided to try to hold it together 
until the following year with surface applications of the same oil 
emulsion as used in experiment No. 2. The emulsion was applied 
to the surface, after it had been swept, in the same manner as de- 
scribed under experiment No. 2. The materials and cost data for 
this experiment are as follows: 


TABLE 21.— Materials and cost data for experiment No. 8—Semiasphaltic oil emulsion. 


Cost data (cents per | Total 


Strength eevee ue square yard). cost 











Date of application. of solu- per yards per |= (cents 

baat lie square | square ston : 

: x : : r' 

yard). yard). |Binder.} Sand. | Labor. yard). 
PUES dW ne ey BTN, ethers Sete t, hades Here o once ws 20 0.0540 -325 aoe ere ae 0.756 | Seek ae 0.161 0.917 
tS eG pa, Sey aa ai 20 O90} Sosa OU lene 120 540 
PATI eal Roeper enn cere ce eae ce ee 163 0300 0. 0005 420 0. 05 101 571 
15 Ea ae VR Deas Pes, es eee A a a eR pt Td 84 O1235 | See: eee, 172)| ease 103 275 
JUDG LO oe tet oenee oe oer ees ee 11 225". eae 316) See 132 447 
PTI ot eer Pe a ke erate ace oe 11 222 eee cee 5 1 Bel Jie gk 202 513 
PUAN Sui as chee sate keceeaen cre lee sya .0005 | 2.39 .05 . 82 3. 26 





Total cost of entire treatment, $42.71. 
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EXPERIMENT No. 4, Section No. 4.—SemiaspuHartic Or, Emvutsron. 


Section No. 4 adjoins section No. 1 and runs south almost parallel 
to Fourteenth Street. It is 750 feet in length, 15.8 feet in width, 
and has an area of 1,317 square yards. The material used, the 
method of treatment, and the reason for treatment were the same 
as described under experiment No. 3. This section was in even 
worse condition than section No. 3 and received one more applica- 
tion of the emulsion than the former. The materials and cost data 
for this experiment are given in Table 22. 


TABLE 22.— Materials and cost data for experiment No. 4—Lime asphaltic oil emulsion. 


























: Cost data (cents per 
Bireugth ee en |e and square yard). ger 
pian Gh agii (gallons | (cubic t 
Date of-application. : per | yards per (cents 
tion (per per 
cent) square | square endard 
; yard). yard). |Binder.| Sand. | Labor. var d) 
SCIEN See Ses. Se oes ewe cee os 20 050540 \ecices oe owe OF 706 | eaokeeen 0.161 0.917 
0 SU. 4 86s 0e ae 20 MORO UN oe Sere eee HON eee = ala - 120 . 540 
i TN ll a ae ee eR a 163 . 0300 0.0015 420 0.15 . 510 1. 080 
I fe ek 8h Aid ple Tp hace De eee ead . 103 . 369 
TE Pee fc. 5 oak niciaenve ne ais a's eile 11 UPI so, Beer a b OL Obl coats eee ~ 182 . 447 
SN Ee hate aoc enleh neces s 11 SUZDS als ae eset > 0 Lallgeeeteete - 202 . 563 
mGMEre et Ree fe a aso Fu 11 . 0296 0001 414 01 216 . 640 
CONS bdo 16k a Sen aaa ee a ed Fe ae a 211 . 0016 2.95 -16 45 4.56 





Total cost of entire treatment, $60.06. 


EXPERIMENT No. 5, Section No. 5.—CONCENTRATED WASTE SULPHITE LIQUOR AND 
SEMIASPHALTIC Ort EMULSION. 


Section No. 5 is a short stretch of macadam road constructed in 
1909. It lies between the two wings of the new department building 
and connects an asphalt pavement in the department grounds with 
B Street SW. It is subjected to heavier teaming traffic than any of 
the other sections. Both the concentrated waste sulphite liquor and 
the oil emulsion previously described were used in the surface treat- 
ment of this road, asshown in Table 23. This section is 192 feet long. 
For a length of 177 feet it is 18 feet wide, while for the remaining 
15 feet it narrows to 11 feet. Its total area is 372 square yards. 


TABLE 23.!— Materials and cost data for experiment No. 5—Concentrated waste sulphite 
liquor and semiasphaltic oil emulsion. 
































Sulphite | Emul- Cost data (cents per | Total 
Strength | liquor sion square yard). one 
Boe of solu- | (gallons | (gallons ; cents 
Date of application. Rortber 8 per per Sail eee par 
cent). square square phite sion Labor. | square 
yard). yard). | liquor. 7 yard). 
OO Oe 50 Osl06st eee see 1PAS4 alec 0. 161 1. 645 
ga SS es 50 . 139 0.067 | 1.946 | 0.938 . 120 3. 004 
ee 21 . 045 . 022 . 6380 . 308 . 103 1.041 
Eo DOLE Ee deena: loa" | seman L876 4s los 2. 008 
ee ek nw os 15 Peo oe ae MDT. fee a - . 798 . 202 1.000 
Ee ee cb et Ry ait a AVS ecnyt . 420 . 215 . 635 
UE eae Sha eee a . 290 . 310 4.06 4, 34 . 93 9. 33 


Total cost of entire treatment, $34.71. 

















1In both the second and third applications the sulphite liquor and emulsion were mixed together, and 
this mixture was made up to the strength of the solution as indicated. 
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EXPERIMENT No. 6, Section No. 6.—CONCENTRATED WASTE SULPHITE LIQUOR AND 
SEMIASPHALTIC Orin EMULSION. 


Section No. 6 is a short stretch of macadam road constructed at 
the same time as section No: 5 in 1909. It constitutes a horseshoe 
approach leading from Twelfth Street to the east wing of the new 
Department of Agriculture Building. It is 255 feet long, and for a 
length of 212 feet it is 12 feet wide, while for the remaining 43 feet 
it is only 8 feet wide. Its total area is 321 square yards. This sec- 
tion was not subjected to enough traffic to keep it in good condition 
and in places the surface was loose and raveled. With the exception 
of the addition of some stone screenings, this section was treated in 
a manner quite similar to the treatment of section No. 5. The ma- 
terials and cost data for this work are as follows: 


TABLE 24.— Materials and cost data for experiment No. 6—Concentrated waste sulphite 
liquor and semiasphaltic oil emulsion. 





3 Cost data (cent are 
Sulphite | Emul- | Screen dye ee Total 
Strength} liquor sion ( a x cost 
Date of applica- | ofsolu- | (gallons | (gallons aria (cents 
tion. tion (per per per aot Sul pas per 
cent). square | square mul- | Screen- square 
yard). yard). a ert fate sion. ings. Labor yard). 
LOS eee oa ee 50 0: 2007) Set eeewer | one eee 2é800" |> . La eee ee 0. 161 2. 961 
INGO er ete Ae aia 50 . 081 ERTS. E RY Ea, Se scp a 13471202546 1|2 eee . 120 1. 800 
ADT Ee eek. foe 50 LD eee eee 0. 003 e568 eeeeoe 0. 350 . 508 2. 426 
Ma veces Pai . 045 i A bat ett ead - 630 TO0S. |. ae . 103 1.041 
Uv) PAC eae gap ee 25 P00 Eee a eas ee eee 154009) Se <6 2 5 Seen - 132 1. 532 
JAE CSO ARE OS = ae eos 334 O16; coal nec oe) ne eee DAG" os oe See . 202 2. 666 
EX RR SA a eee 333 Pip Fis: fa es Geek ee) Rae rg PN 214 De eee | ee » 265 2. 407 
ASE die de hy ee Seas eg ae . 867 . 061 . 003 12.14 - 85 35 1.49 14. 83 


Total cost of entire treatment, $47.60. 


EXPERIMENT No. 7, Section No. 7.—CONCENTRATED WASTE SULPHITE LIQUOR AND 
SEMIASPHALTIC Ort EMULSION. 


Section No. 7 is a horseshoe approach leading from Fourteenth 
Street to the west wing of the new Department of Agriculture Build- 
ing. It corresponds in every way to section No. 6, but its surface 
was not quite so badly raveled and did not require screenings. It 
was treated in a manner quite similar to the treatment of section 
No. 6. This section is 352 feet in length and 11.8 feet in width, and 
has an area of 462 square yards. The materials and cost data for 
this experiment are given in Table 25. 


a 
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TABLE 25.— Materials and cost data for experiment No. 7—Concentrated waste sulphite 
liquor and semiasphaltic oil emulsion. 


Ce 


























Sulphite Cost data (cents per Total 
Strength | liquor pe atp es square yard). cost 
/ of solu- | (gallons (gallons cents 
Date of application. an per per ——____—____________| ( 8k 
(percent).| square Sr aease Sulphite | Emul- Tah Big 
yard). "| liquor. | ‘sion, |74#P°! | yard). 
8 a SO ee 8 eee ee eee 50 OF 200) ee Se 2 SOO isa 0. 161 2. 961 
ee lan el la 50 . 056 0. 027 .784 | 0.378 . 120 1. 282 
ed kwh o pies udcnned « 21 . 045 . 022 . 630 . 308 . 103 1.041 
a A eee 25 PAU, [ees seek 154007|¢ 233 - 132 1. 582 
8 SN a Ree a 334 Si WA ial a age ae 25 464 ee . 202 2. 666 
RSS a). dale cee S cose lees esas 334 LOST Pere ss Le Ze LAD eee . 265 2. 407 
SCE he ees = la sed Na TI a cate fei . 730 . 049 10. 22 . 69 .98 11. 89 











Total cost of entire treatment, $54.93. 


SUMMARY OF EXPERIMENTS IN SURFACE TREATMENT AT WASHINGTON, D. OC. 


In comparing the results so far obtained from the preceding seven 
experiments it is, of course, necessary to take into consideration the 
condition of the road before treatment. When last inspected, on 
January 28, 1910, section No. 1, treated with the sulphite liquor, was 
in the best condition, but it should be remarked that this section was 
also in the best condition before treatment. In dry weather it pre- 
sents a smooth, hard, well-bonded surface, which softens somewhat 
in wet weather, but never becomes actually muddy. Section No. 2, 


treated with the emulsion, was also in very fair condition when last 


inspected. In dry weather it presents a mosaic asphalt-like surface; 
which becomes slightly muddy under horse-drawn traffic in wet 
weather. For the amount used, the emulsion has so far produced 
very satisfactory results on sections 3 and 4, although neither of 
these sections is in what would be called excellent condition. Indi- 
cations point, however, to the fact that the treatment which they 
have received will keep them in shape until they can be resurfaced. 
The mixture of sulphite liquor and emulsion used on sections Nos. 
5,6, and 7 did not prove quite as satisfactory as either material used 
alone, for it was found that the emulsion would, to a-considerable 
extent, waterproof the road surface and prevent proper absorption 
of the sulphite liquor in later treatments. 


OIL-CEMENT-CONCRETE EXPERIMENTS, 


During the month of June, 1910, the Office of Public Roads, in 
cooperation with the District of Columbia, conducted a series of 
experiments on Meridian Place to determine the value of oil-cement- 
concrete as a road surface. Certain laboratory investigations had 
indicated that a mixture of Portland cement-concrete with residual 
petroleums might possibly be suitable for this purpose, and the 
following experiments were therefore made for the purpose of trying 
such mixtures in a thoroughly practical manner. 

The part of the street selected for this work runs from Center Street 
east toward Fourteenth Street, a distance of 356.1 feet. It is 19.5 
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féet between gutters. The soil forming the subgrade is a coarse 
gravelly red clay, which after a rain becomes sticky on the surface, 
but remains firm below. The grade here is light and slopes toward 
the west. The north curb is 6 inches lower than the south curb, 
because of the fact that the District constructs its cross streets on 
the same grade as the main streets running north and south. Merid- 
ian Place is subjected to light traffic consisting of delivery wagons 
and pleasure vehicles. When the Office of Public Roads assumed 
supervision of the work, all grading had been completed and the 
curbs and gutters were in place. The cost data given in this report, 
therefore, include the cost only from this point on. 

The foundation of the road was constructed in two courses, the 
first of which consisted of from 4-inch to 14-inch broken stone 
placed to a depth of 5 inches loose upon the prepared subgrade. 
After this course had been rolled until firm with a 12-ton 3-wheel 
roller, screenings ranging from one-half inch to dust were applied, 
and the surface finished as in ordinary macadam road work. This 
method of construction was followed in the preparation of the 
foundation for all of the experiments. 

Common labor for this work cost $1.50 per 8-hour day; foreman, 
$4; double teams, $4; a 5-ton tandem roller, $8; the 3-wheel roller, 
$12; and a “‘bug”’ concrete mixer, $4 per day. Stone and sand cost 
$2.50 per cubic yard delivered on the work. The oils and cement 
were donated, but their cost, including freight, is given in the cost 
data. The following experiments are given in the order in which they 
were conducted, while the corresponding sections are numbered con- 
secutively from station 0 at Center Street running east. 


EXPERIMENT No. 1, Section No. 7.—F.Luip ReEstpuaL PETROLEUM. 


Section No. 7 extends from station 2+ 90.3 to station 3+ 56.1 and 
is 65.8 feet in length. 

A stiff mortar of 1 part cement to 2 parts sand was first prepared 
by hand on a mixing board, and oil to the amount of 10 per cent by | 
weight of the cement was then mixed with the mortar. The result- 
ing mixture was laid over the prepared foundation to a depth of 
14 inches and immediately covered with broken stone, similar to 
that used in the foundation, to a depth of 24 inches. One side of 
the street was thus laid at a time and, when about 20 linear feet had 
been covered, an attempt was made to force the stone down into the 
mortar by rolling it with the 5-ton tandem roller. After the entire 
section had been rolled, it was found that the mortar had not been 
worked up into the voids of the stone course sufficiently. The road 
was, therefore, sprinkled and again rolled in the hope that a homo- 
geneous mixture might thus be made. As this did not give the 
desired results, it was decided to grout the surface. A thin mortar 
of the same composition as that previously described was therefore pre- 


i] 
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pared, poured over the surface, and ‘“‘broomed”’ in. This last proc- 
ess roughened up the surface somewhat, but otherwise the section 
was finished off in good condition by the application of a light coat 
of stone screenings running from one-half inch to dust. The char- 
acteristics of the oil used in this experiment are shown in Table 26. 


TABLE 26.—Analysis of petroleum residual oil used in experiment No. 1—Oil-cement- 








concrete. 

TR ee ois cs nen Ss nin ad ee ons = Seg noite we ees 0. 936 
Suey at OU. Pngler, 100 c_c., specific. --...... 02-2002... eee cee ee 44,1 
er cent of losd at 163° C. , 5 hours ¥ (20 grams). 20. OLLI Fee 
Per cent of bitumen etiulilo in 86° B. parent rghit eS. Ure 1. 99 
I. COLT DONG o0 oa Go. tothe eiars Ss Secs = Fc oat eed de ee dee Leese 3. 40 
Per cent of bitumen soluble in CS,, air temperature (total bitumen). ....... 99. 92 | 
SEEN Stee IGN ACL ep eee tet, OFS. Vek ee od. ele ake . 06 
ECL Re teeter re eat, oa. hers pede. bre Sep oh ewet veel Sed . 02 





EXPERIMENT No. 2, Section No. 6.—F.Luip RestpuaL PETROLEUM. 


This section extends from station 2+66 to station 2490.3 and is 
24.3 feet in length. The concrete aggregate for this experiment was 
composed of a 14: 2:4 mixture of cement, sand, and broken stone. 
The same oil as described in experiment No. 1 was added to the 
extent of 10 per cent by weight of the cement, after a mortar of the 
cement and sand had been prepared and before the broken stone was 
mixed in. Thestone in this and the following experiments consisted 
of crushed trap ranging from 14 inches to one-half inch in diameter. 

The mixture was laid to a depth of 24 inches over the prepared 
foundation and tamped until the mortar flushed to the surface and 
filled all voids. The resulting surface was not troweled, but was 
purposely left somewhat rough. While rolling an adjoining section 
the next day, the roller was run over this surface, causing slight 
cracks to develop in places. When last inspected, on January 31, 
however, no evidence of these cracks could be found. 


EXPERIMENT No. 3, Secrion No. 5.—Fiurip RestpuaL PETROLEUM. 


Section No. 5 extends from station 2+21 to station 2+66 and is 
45 feet in length. In this and the following experiments the concrete 
was first prepared in a ‘‘bug” mixer. The sand or stone screenings, 
or both, as the case might be, were first placed in the mixer and the 
mixer was then driven to the stone pile, so that the cement and fine 
ageregate were mixed dry. Here the proper proportions of broken 
stone, water, and oil were added and, after the machine had been 
driven about 500 feet, the concrete was dumped upon a board. As it 
was not thoroughly mixed, it was then turned twice by hand before 





1 Fluid, very slightly sticky; too soft for consistency test. 


86 DUST PREVENTION AND ROAD PRESERVATION. 


shoveling it upon the road. After it had been placed in position, it 
was raked with the back of steel rakes to the desired grade and crown. 

In this experiment the same oil as described in experiment No. 1 
was used to the extent of 10 per cent by weight of the cement, and 
an attempt was made to use stone screenings in place of sand. The 
first batch was composed of cement, stone screenings, and broken 
trap rock, in the proportions 14 :2:4. As the voids of this mixture 
were not well filled, the proportions were changed to 14 : 3 : 4 for the 
remainder of this section. Tamping failed to bring the mortar 
uniformly to the surface, and so the section was rolled with this 
object in view. As this did not produce the desired result, a cement 
grout similar to that used in experiment No. 1 was poured over the 
first 20 feet of this section adjoining section 6 and ‘‘broomed”’ in. The 
remaining 25 feet of the section were thoroughly tamped and troweled 
off with the back of a shovel. 


EXPERIMENT No. 4, Section No. 4.—Fiuip ResipuaL PETROLEUM. 


Section No. 4 extends from station 1+ 84 to station 2+21 and is 37 
feet in length. As the screenings used in experiment No. 3 did not 
produce as dense an aggregate as desirable, it was thought well to 
replace a part of them with sand. The proportion of 14:1:2:4 of 
cement, sand, screenings, and broken stone was then decided upon for 
this experiment. This aggregate was also used in the three succeed- 
ing experiments. The same oil as described in experiment No. 1 was 
used in this experiment to the extent of 15 per cent by weight of 
the cement. The concrete was laid and tamped in the manner pre- 
viously described and finished off with the back of a shovel. 


EXPERIMENT No. 5, Section No. 3.—Curt-Back PETROLEUM RESIDUE. 


Section No. 3 extends from station 1+16 to station 1+84 and is 
68 feet in length. This experiment was identical in every respect 
with experiment No. 4, except that a different oil product was used 
to the extent of 15 per cent by weight of the cement. The properties 
of this oil are given in Table 27. 


TABLE 27. —Analysis of cut-back petroleum residue} used in experiment No. 5. ae 
cement-concrete. 


Specific: srayity 26°/25° C.. 2asesneun al CAs tien tee ees le 0. 962 
Wash ‘point.°C., open-cup methodcs. 2... o-pc ee te on 35° 
Burning point °C,, open-cup method. .77..-.../.2.:-.-.-+----.-- 5. 170° 
Per cent of loss at 163°:'C., 5 hours (20 grams)’s. 222... 72, ek ee eee 13. 23 
Penetration of residue 2 (No. 2 N, 5 seconds, 100 grams, 25° C.).......:...-. 116° 
Per cent of bitumen insoluble in 86° B. paraffin naphtha................... 18. 16 
Per cent-of fixed carbon. #3. 432 < [Bas e- den bidec. face ao oben ee 8. 90 
Per cent of bitumen soluble in CS,, air temperature (total bitumen)......-. 99. 85 
Organic matter insoluble . ...s2c0). bad .an es - cbse LE ee .12 
Umorgamic Wratten o.c.s oss) <ctecks Losi sretan get d eas aie mie eee om ce . 03 


100. 00 
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After laying, no difference between this section and section No. 4 
could be noticed, except that the surface of the latter was slightly 
lighter in color. ; 


EXPERIMENT No. 6, Section.No. 2.—Curt-sack PretrotEum RESIDUE. 


Section No. 2 extends from station 0 +43.6 to station 1+16 and is 
72.4 feet in length. This experiment is identical with experiment No. 
5, with the exception that the cut-back oil was used to the extent of 
10 per cent by weight of the cement instead of 15 per cent. 


EXPERIMENT No. 7, Section No. 1.—Puarin CEement-CoNcrRETE. 


Section’ No. 1 extends from station 0+4.2 to station 0+43.6 and 
is 39.4 feet in length. In this experiment the cement-concrete was 
prepared and laid in exactly the same manner as sections Nos. 3, 4, 
5, and 6, except that no oil was used in the mixture. This was done 
for the purpose of comparing ordinary Portland cement-concrete 
with the oil-cement-concretes. 


SUMMARY OF EXPERIMENTS WITH O1L-CEMENT-CONCRETE. 


In the work described it was found that the concrete could be 
handled best when made sufficiently wet for the mortar to flush to 
the surface upon tamping, but not so wet that it would not hold its 
shape after being tamped. The best surface finish was obtained by 
troweling the wet concrete with the back of a flat No. 2 shovel until 
smooth and uniform. | 

All of the sections were closed to traffic for at least seven days after 
being laid and they were sprinkled with water daily during this time. 
A thin layer of sand was spread over the surface from station 0+4.2 
to station 2+40 and a thin layer of stone screenings ranging from 
one-half inch to dust was spread from station 2+40 to station 3 +56. 

When last inspected, on January 31, all of these sections were in 
excellent condition, although the street was covered with a light coat 
of mud brought in from other roads. No important difference 
between the sections could be seen at that time and a considerable 
period of time will probably be required to determine what practical 
differences if any do exist. |The materials and cost data for these 
experiments are given in Table 28, 
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EXPERIMENTS AT NEW YORK, N. me epLOlO; 


OIL-CEMENT-CONCRETE. 


The experiments at New York City were conducted by the Office 
of Public Roads during the months of May and June, in cooperation 
with the Bureau of Engineering and Construction of the Borough of 
Richmond, New York City, for the purpose of ascertaining the value 
of oil-cement-concrete as a road material. 

The road selected was that part of Innis Street at Elm Park Sta- 
tion, Staten Island, running east from Morning Star Road to John 
Street. This street is subjected to medium traffic, consisting of 
drays, delivery wagons, and automobiles. The oils for these experi- 
ments were donated by two oil companies, and the cement was fur- 
nished by four manufacturers through the Association of American 
Portland Cement Manufacturers. The Borough of Richmond, New 
York City, furnished labor, sand, and stone, while the Office of Public 
Roads paid the freight on both the oil and cement, and furnished 
supervision of the work. 

The foundation for the wearing course of oil-cement-concrete was 
prepared by first picking and leveling the rough places of the old 
macadam surface. The old cobblestones were removed from the 
gutters and, after the curbing had been cut and reset in concrete, 
the gutters were relaid with oil-cement-concrete, leveled, and tamped 
solid. The old material was allowed to conform to the original sur- 
face, and no attempt was made to obtain a uniform crown in the 


foundation. The concrete surface was laid upon the foundation as 


nearly as possible 4 inches deep, but, owing to unevenness in the 
foundation and to the fact that the concrete was placed somewhat 
deeper in the gutters, it probably averaged about 44 inches in thick- 
ness over the entire roadway, which was 32 feet wide between gutters. 

A mixer of the old Smith type, driven by a small steam engine, 
was used in mixing the concrete. The desired mixture was obtained 
by placing the sand and cement in the machine and adding enough 
water to form a thin mortar. A bucket of oil was then added alter- 
nately with a barrow of stone, until sufficient oil for the batch had 
been consumed. The remainder of the stone was then added. As 
the mixer did not satisfactorily mix this last addition of stone with 
the mortar, a barrow of sand, cement, and oil matrix was taken from 
the front part of the machine and dumped into the batch again, and 
the mixing process was then continued. When thoroughly mixed, 
the concrete was dumped on a board, shoveled into barrows, and 
wheeled to the road. It was found that, as far as the mixture was 
concerned, it made no difference in what manner the material entered 
the machine, and the foregoing method was adopted as the quickest 
way of mixing a batch. 
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Each batch consisted of 1 barrel of cement, 8 cubic feet of sand, 
16 cubic feet of crushed stone ranging from 14 inches to ? inch in 
diameter, together with the proper amount of oil. The concrete was 
tried both wet and comparatively dry. It was found that a dry 
mixture was difficult to tamp in such a way as to flush the voids full 
of mortar. On the other hand, if very wet, it would not hold its 
shape and, upon drying out, the formation of hair cracks could be 
noticed. The best results were obtained by adding as much water 
as the concrete could contain without losing its shape when placed 
upon the road. The road was closed to traffic for seven days after 
completion. 

For this work common labor cost $1.85 per 9-hour day ; superintend- 


ent-foreman, $6; double teams, $4 per day; and the concrete mixer, — 


$35 per week. Sand cost $1.15 per cubic yard delivered at the mixer, 
and broken stone $1.50 per cubic yard. Although the cement was 
donated, a cost of $1.32 per barrel delivered at the mixer is included 
in the cost data. 


EXPERIMENT No. 1, Section No. 1.—FLurp REsipuAL PETROLEUM. 


Section No. 1 begins at Morning Star Road station 0 and runs east 
for a distance of 163 feet. In this experiment a fluid residual petro- 
leum, similar to that employed in the experiments at Washington, 
D. C., was used to the extent of 15 per cent by weight of the cement. 
The mixture was spread with the back of a steel rake and tamped 
until the mortar flushed to the surface. The surface was not troweled, 
but was purposely left rather rough. Each morning the work of the 
preceding day was covered with about one-half inch of loose sand 
and was wetted down in order to keep the concrete moist. 

The properties of the oil used in this experiment are given in 
Table 29. 


TABLE 29.—Analysis of petroleum residual oil used in experiment No. 1. 











Specific gravity '25°/25° CO. 208 oh DR. A 0. 936 
Viscosity at 50°.C.,. Engler, 100 ¢.\c.;:specific os 92. 22.6 -2-ie 4. oe 45.1 
Per cent of loss at 163°.C., 5 hours (20. grams). ..222.0.2-.4-14-.-. +e . 87 
Per cent of bitumen insoluble in 86° B. paraffin naphtha................. 1. 99 
Percent of fixed carbon, £2... vs¢<5 sont co teietete ele Soe enter 2. 85 
Per cent of bitumen soluble in C8,, air temperature (total bitumen) ......- 99. 90 
Oreanic matter insoluble... ¢.-.2. 202) < eo - eae ee . 08 
PNOTSAOIC ALLEL. <2 one: 6 ofe ese eNO ee. =o Cae ee a > a . 02 
100. 00: 


EXPERIMENT No. 2, Section No. 2.—Fiurp REsmpuAL PETROLEUM. 


Section No. 2 extends from station 1+63 to station 2+40, a dis- 


tance of 77 feet. This experiment was identical with experiment 


No. 1, except that another brand of Portland cement was used and that 





1 Fluid, very slightly sticky; too soft for consistency test. 
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the fluid residual petroleum was added to the extent of 10 per cent 
by weight of the cement. The only difference noted between this 


- section and section No. 1 was that the concrete seemed to set some- 


what faster in the former. 


EXPERIMENT No. 3, Secrion No. 3.—Cut-Back PETROLEUM RESIDUE. 


Section No. 3 extends east from station 2 +40 to station 3+40.5, 
a distance of 100.5 feet. In this experiment still another brand of 
Portland cement was used and a cut-back petroleum residuum was 
added to the extent of 18} per cent by weight of the cement. The 
first 40 feet of this section were laid in exactly the same manner as 
previously described, but the remainder did not receive the sand 
covering. For the last 20 feet the concrete was made very wet, 
lightly tamped, troweled with the back of a shovel, and floated with 
a straight edge from crown to curb. After a few days a number of 
hair cracks were noticed in the last 20 feet. The concrete “set up” 
slowly as compared with the two preceding sections. 

The properties of the oil used in this experiment are shown in 


Table 30. 


TABLE 30.—Analysis of cut-back petrolewm residue! used in experiment No. 5. 











IMIG WRG ho ree 2 SS. [4.0 SR a. a) be 0. 957 
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Seer 1088 at 163- C., 5 hours (20 erams).....-..:-..2...---+-----------<- 15. 23 
Penetration of residue ? (No. 2 N, 5 seconds, 100 grams, 25° C.)........-...---- Tre 
Per cent of bitumen insoluble in 86° B. paraffin naphtha Bi VA et Oe 17.44 
I ER Cet rCar tility. Shee) 65 Ss. Sheek. ake Ae oe 8. 20 
Per cent of bitumen soluble in CS,, air temperature (total bitumen).....-...-. 99. 84 
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cme meeerr 2 0 set geist. mex. bs a. 0, ae 07 

100. 00 


EXPERIMENT No. 4, Secrion No. 4.—Cut-BAcK PETROLEUM RESIDUE. 


Section No. 4 extends from station 3+40.5 to station 4 +44, a dis- 
tance of 103.5 feet. In this experiment a fourth brand of Portland 
cement was used with the cut-back oil to the extent of 18} per cent 
by weight. The work was quite similar to that described in experi- 
ment No. 3. Where the mixture was made wet and finished as in 
the latter part of section No.3, cracks developed as before. One of 
these cracks extended across the entire width of the road at station 
3+55. When this was noticed, the mixture for the last 15 feet of 
this section was made less wet and tamped hard before troweling it. 
Even under these conditions 2 short cracks about 3 feet in length 


developed. Only the first 10 feet of this section were covered with 


sand. 





1 Viscous, fluid, sticky; too soft for penetration determination. 2Semisolid, sticky. 
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SuMMARY OF EXPERIMENTS AT NEw York, N. Y. 


When last inspected, on January 21, the oil-cement-concrete work 
at New York did not appear as satisfactory as that done at Wash- 
ington. The division line between each day’s work was plainly 
apparent, and the entire surface was rather rough and uneven. 
Inspection was made shortly after a rain and the road appeared in 
somewhat better condition than when previously inspected during 
dry weather in October. Sections Nos. 1 and 2 were in better con- 
dition than the other two. On section No. 1 a crack, evidently due 
to a poor joint between two days’ work, was noticed extending 
across the road at station 14+20. From station 1+48 to station 
1+52 a number of cup-shaped depressions were noted, although the 
concrete at these places appeared sound. At station 1+52 another 
crack had developed across the road, but from this point on for a 
distance of 60 feet the surface was in excellent condition. 

At station 1+63 no change in the surface was noted where section 
No. 2 begins. At station 2+18 a crack had formed across the road, 
but had been filled with dirt and sand so that it was hardly notice- 
able. At station 2+30 the road had been cut transversely for the 
purpose of laying a pipe, and the trench thus made had been filled 
merely with the loose material which had been taken out. From 
this cut a longitudinal crack was noticed extending to station 2 +40. 

On section No. 3 the surface from station 3 + 03 to station 3 +20 was 
rather crumbly and could be dug into with a knife to some extent. 
From station 3 +20 to station 3 +40 the concrete was very crumbly, 
and in fact was scarcely’ better than ordinary macadam. The stone 
fragments of the concrete at this point could be readily removed 
with a pocketknife. This was the worst section of the four. 

On section No. 4 three transverse cracks filled with dirt were 
noticed between stations 3 +40.5 and 3+90. Between these stations 
the concrete was found to be rather crumbly. From station 3+90 
onward this section was in better condition, but, while the concrete 
could scarcely be called crumbly, it could be readily scratched with 
a knife. | 

The materials and cost data for these experiments are given in 


Table 31. 
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EXPERIMENTS AT RIDGEWOOD, N. J., 1910. 
OIL-CEMENT-CONCRETE. 


During the months of April and May two experiments with oil- 
cement-concrete in the construction of bridge-floor surfaces were 
conducted at Ridgewood, N. J., in cooperation with the county high- 
way engineer of Bergen County. These were the first practical 
experiments with oil-cement-concrete made by the office, and were 
quite similar to those conducted at New York and Washington, D. C., 
which have already been described in this circular. 

In both of these experiments the old wooden bridge floors were 
replaced with Portland cement-concrete laid on iron sheathing and 
reinforced with ‘‘chicken wire.’’ The concrete was laid 64 inches 
thick at the center and tapered to 44 inches at the sides, giving an 
average thickness of 54 inches. Only the upper layer of from 14 to 2 
inches of this concrete contained oil. 

For this work common labor cost $2.25 per 9-hour day, and fore- 
man $6 per day. Cement cost 37 cents per bag, sand 80 cents per 
cubic yard, and crushed stone $2.50 per cubic yard, delivered on the 


work. 
EXPERIMENT No. 1.—Fiuip REsIpUAL PETROLEUM. 


The bridge on which this experiment was tried is on Paramus Road, 


crossing Saddle River. It is 37 feet in length and 19 feet in width, © 


with a floor surface of 75 square yards. 

The oil-cement-concrete surface was placed continuously with the 
rest of the concrete in the following manner: After a few batches of 
the ordinary concrete had been laid and tamped, and while it was 
still wet, a batch of the oil-cement-concrete was prepared and placed 
upon the surface to a depth of from 14 to 2 inches. It was then 
tamped until the mortar flushed to the surface. By this means the 
two layers set together in a single course. 


The oil-cement-concrete was mixed by hand upon a mixing board — 


and shoveled into place. It was composed of Portland cement, bank 
sand, and crushed trap rock, ranging from three-fourths inch to one- 
fourth inch in diameter in the proportion of 1:2:4. The sand and 
cement were first mixed into a stiff mortar, to which was added a 
fluid residual petroleum to the extent of 15 per cent by weight of the 
cement. The stone was next added and mixed in. After the con- 
crete had been placed and tamped, one-half of the surface was covered 
with a thin coating of sand and one-half with stone screenings. The 
bridge was closed to traffic for 10 days and during that time the sur- 
face was kept damp by sprinkling it each day with water. After the 
concrete had set, it was given a light surface treatment of the same 
oil at the rate of one-eighth gallon per square yard and sufficient sand 
was applied to take up any excess of oil. 


‘ 
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The properties of the oil used in this experiment are given in 
Table 32. 


TABLE 32.—Analysis of petroleum residual oil used in experiment No. 1. 


IL SA Ee ae ea ee a a 0. 937 
Snir... fonvler, 100 C.c., specific.....--. 2... eevee wcccuse ALE 
Bemmeent oF loss at 163° C., 5 hours! (20 grams).............2 222. cee eee eee 1.10 
Per cent of bitumen insoluble in 86° B. paraffin naphtha......2........... 2.16 
ee CACDONE son tae. Se Me allols ir. 6. Hh. TL eS 3. 40 
Per cent of bitumen soluble in C8,, air temperature (total bitumen). .....-. 99. 94 
DINECCE UINDININOP oc shn rete. tle a . 03 
CG CEN SR: seep ea pais aber Sd e A e ls . 03 
100. 00 


EXPERIMENT No. 2.—CutT-BAcK PETROLEUM RESIDUE. 


The bridge on which this experiment was tried is on Harrison 
Avenue crossing Hohokus River. It is 25 feet in length and 37 feet 
in width, with a floor surface of 103 square yards. 

This experiment was practically identical with experiment No. 1, 
with the exception that in place of the fluid residual petroleum a cut- 
back petroleum residue was used to the extent of 18 per cent by 
weight of the cement. | 

The properties of this product are shown in Table 33. 


TaBLE 33.—Analysis of cut-back petroleum residue? used in experiment No. 2. 


IO 2 ok res se Oc tS eae eee bene s st ba ceueeues 0. 962 











mereent of loss at 163° C., 5 hours (20 grams)................----..-----0-s- 13..38 
Penetration of residue® (No. 2 N, 5 seconds, 100 grams, 25° C.) .........-.-- Pea 
Per cent of bitumen insoluble in 86° B. paraffin naphtha. ..........-..--..-- 18. 05 
SE TEST St IAS eR ee Na 8. 55 
Per cent of bitumen soluble in CS8,, air temperature (total bitumen). .......- 99. 85 
Organic matter insoluble....... Pe lee pine Pe etn RRM Sieh GME ye 
ee ciel e wielciawic we sd nese tes 2.6 «meres hee egos ae rats: 

100. 00 


This oil was not applied to the finished concrete surface, as in 
experiment No. 1, but later Harrison Avenue was oiled by the town 
with alight petroleum product and at that time the bridge surface was 


also oiled. 
SUMMARY OF EXPERIMENTS AT RipGEWOOD, N. J. 


When last inspected, on January 21, both of these bridge surfaces 
were in good condition. The Paramus Road Bridge showed a rather 
rough mosaic surface, free from cracks. The covering of oil, sand, 
and screenings had been largely pushed to the sides and a consider- 
able amount of mud had been deposited upon the surface by passing 





1 Fluid, very slightly sticky; too soft for consistency test. 
2 Viscous, fluid, sticky; too soft for penetration determination. 
3 Semisolid, sticky. . 
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vehicles. The approach at the west end had been badly rutted by 


heavy traffic and the beginning of the concrete had spalled somewhat 
at this point because of the impact of vehicles. There was no 
evidence of cracks, but two small spots appeared rather soft 
when scratched with a knife. The Harrison Avenue Bridge was in 
excellent condition when inspected at this time. An oil-earth mat 
about three-sixteenths inch thick was evenly distributed over the 
surface and there was no evidence of cracks where this mat was 
scraped away. At these places, however, the concrete appeared 
somewhat soft under a knife. Both approaches were in excellent 
condition and no spalling was noticed at the juncture of the road and 
bridge surfaces. Apparently the traffic over this bridge is not as 
heavy as over the Paramus Road Bridge. 

It was a difficult matter to obtain the exact itemized cost data for 
these experiments because of the fact that the foundation and the 
wearing surface were laid almost simultaneously. The following 
table will, however, show the approximate cost of the wearing sur- 
face of oil-cement-concrete: 


t 
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SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT YOUNGS- 
TOWN, OHIO, IN 1909. 


SLAG, SLAG AND LIME, SLAG AND WASTE SULPHITE LIQUOR PREPARA- 
TION, AND SLAG AND TAR. 


The original report of these experiments is’to be found in Circular 
No. 92 of this office. Seven experiments were made with blast- 
furnace slag in road construction. Of these, three were straight 
blast-furnace slag; one blast-furnace slag bound with open-hearth © 
slag screenings; and one each of blast-furnace slag and lime, blast- 
furnace slag and sulphite liquor preparation, and blast-furnace slag 
and refined coke-oven tar. All materials other than the blast- 
furnace slag were used as binders for the wearing surface. The 
sections were last inspected January 27, 1911, about 18 months 
after construction. The weather was rainy and during previous 
months there had been a succession of frosts and thaws. 


EXPERIMENTS Nos. 1, 2, AND 3.—BuLast-FURNACE SLAG. 


In experiment No. 1 crushed and screened blast-furnace slag 
had been laid in courses in exactly the same manner as crushed and 
screened rock for ordinary macadam construction. In experiment 
No. 2 the road consisted of a ‘single course of crushed slag ranging 
from three-fourths inch to 34 inches in diameter, while in experi- 
ment No. 3 the foundation consisted of unscreened fragments rang- 
ing from 34 inches to dust, together with the wearing course of 
material similar to that used in experiment No. 2. When inspected 
just after a thaw, the first experiment showed to advantage in com- 
parison with the other two. The surface, while not as firmly bound 
as some of the sections in which a binder other than blast-furnace 
slag screenings had been used, was in excellent condition. In experi- 
ments Nos. 2 and 3 the center of the roadway had been quite badly 
raveled by horses’ hoofs, but little difference between the two sections 
of road was to be noticed, except that in experiment No. 2 a rather 
soft spot had developed in the center of the road at the middle of 
the section. 


EXPERIMENT No. 4.—Buast-FURNACE SLAG—OPEN-HEARTH SLAG SCREENINGS, 


The section treated in this experiment was at the time of inspec- 
tion undoubtedly superior to any of the others, with the exception 
of the tar-slag section. The surface was very firmly bonded and 
could not be dug into with a knife, except in a number of small spots 
from 2 to 4 inches in diameter, where the surface was soft and pow- 
dery. These spots were scattered irregularly over the road to the 
extent of 7 or 8 to each 100 linear feet and were evidently caused 
by the presence of a few soft, crumbly fragments of blast-furnace 








ee a te 


aay 


e. 4 eee, 





“DUST PREVENTION AND ROAD PRESERVATION. 49 


slag. With this exception the entire surface appeared almost as 


solid as Portland cement-concrete. On one side of this section, 
about 50 feet from the northern end, the earth shoulder had settled 
and sloughed away for a distance of about 35 feet, and the edge of 
the road at this place had been cut back by braific: for a distance of 
6 inches. The trouble can undoubtedly be attributed to a fresh 
fill, which was not consolidated sufficiently before the road was con- 
structed. This place is to be repaired by building a crushed-slag 
shoulder. 


EXPERIMENT No. 5.—Buast-FuRNACE SiAG SCREENINGS AND LIME. 


The section treated in this experiment was somewhat raveled 
and scarcely better than those described under experiments Nos. 
2and3. During construction it seemed that this section would prove 
more satisfactory than any of those bound with plain blast-furnace 
slag screenings and during the past summer it actually proved 
somewhat more satisfactory. The open winter, however, showed 
experiment No. 1 up to better advantage. 


EXPERIMENT No. 6.—Buast-FurNace SitaAG AND WASTE SuLpyire Liquor 
PREPARATION. 


The section treated in this experiment was in good condition and 
showed a fairly well bonded surface. This section was in slightly 
better condition than that described under experiment No. 1, but 
it was not as well bonded as the section described under experiment 


No. 4. 
EXPERIMENT No. 7.—BuLAST-FURNACE SLAG AND REFINED COKE-OVEN TAR. 


The section treated in this experiment showed up to better advan- 
tage than any of the others at the time of inspection. The surface 
was perfectly bonded and presented a rather mosaic appearance. 
Although the road at this point had been constructed on a fresh fill 
which had settled somewhat since, the tar slag surface showed no 
evidence of having cracked when adjusting itself to this settlement. 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT ITHACA, 
N. Y., IN 1909. 


TAR, OIL, ARTIFICIAL ASPHALT PREPARATIONS, ROCK ASPHALT, BRICK, 
CEMENT AND SLAG. 


A full report of these experiments is to be found in Circular No. 
92 of this office. In the following report of an inspection made on 
November 2, 1910, no description of the work will be included, 
and for such information reference should be made to the above- 
mentioned circular. 
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EXPERIMENT No. 1.—REFINED CoAL TAR—PENETRATION METHOD. 


When last inspected this section was in excellent condition and 
showed a smooth, well-bonded surface. 


EXPERIMENT No. 2.—REFINED CoAaL TAR—MIXING METHOD. 


This section showed a mosaic surface not quite as smooth as 
experiment No. 1, but evidently less slippery. Eight small pot 
holes ranging from 8 inches to 2 feet in diameter had developed 
since construction, owing probably to segregation of the aggregate 
during the mixing process. One of these holes was located at station 
3+05, one at station 3+50, two at station 3+63, three at station 
3+70, and one at station 3+72. During the fall of the year these 
holes had been cut out for a depth of 2 inches with vertical’ sides, 
and ‘all loose material had been removed. They were then painted 
with the hot tar, refilled with a mixed tar aggregate, tamped, painted 
again with tar, and finished off with a dressing of stone chips. The 
total cost of this work amounted to 0.026 cent per square yard for 
the section. 


EXPERIMENT No. 3.—ARTIFICIAL O1n-ASPHALT—MIXING METHOD. 


This section was in excellent condition. The grade is, however, 
too low where it adjoins the brick section and should be raised. 
This will probably be done during the present year. 


EXPERIMENT No. 4.—ARTIFICIAL Om-ASPHALT—M1IxING METHOD. 


This section was in good condition, but the surface was appar- 
antly not as homogeneous as that of the preceding experiment. 
The grade at this point was too low where it adjoins the ash-cement- 
concrete section and will have to be raised. 


EXPERIMENT No. 5.—REFINED SEMIASPHALTIC O11-—PENETRATION METHOD. 


This section was in very fair condition, but appeared somewhat 
soft in places. No raveling had occurred, however. 


EXPERIMENT No. 6.—SEMISOLID, REFINED, SEMIASPHALTIC O11—PENETRATION 
METHOD. 


This section was in good condition, but the surface was somewhat 
rough, owing probably to the fact that no paint coat had been 
applied. The surface was well bonded. 


EXPERIMENT No. 7.—REFINED WATER-GAS TAR—PENETRATION METHOD. 


This section, also, was in good condition. An excess of tar was, 
however, present on the surface, which plainly showed the marks 
of wheels and horses’ hoofs. 
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EXPERIMENT No. 8.—REFINED SEMIASPHALTIC O1L—PENETRATION METHOD. 


This section was in fair condition, but showed evidence of having 
bled considerably during summer weather. This was due to the fluidity 
of the binder and to the excessive amount which was undoubtedly 
used. In spite of the fact that stone screenings had been applied 
during the summer, the surface was somewhat soft and showed the 

calk marks of horses’ shoes. 


EXPERIMENT No. 9.—REFINED WaTER-GAS TAR AND SLAG—PENETRATION 
METHOD. 


This section was in very good condition and appeared better than 
experiment No. 7, in which a lighter grade of the same tar had 
been used. There was no evidence of bleeding and the surface did 
not show marks of traffic. 


EXPERIMENT No. 10.—KeEntTUcKky Rock ASPHALT. 


The western half of this section was in excellent condition and 
was considerably better than the eastern half. This indicates that it 
is preferable to lay the material in two courses rather than one. 
The whole section had the general appearance of a sheet asphalt 
pavement, but on the eastern half the surface was somewhat rough 
and in four spots about 2 feet in diameter four depressions where 
the coarse stone was showing through were observed. This was 
due to the fact that some of the rock asphalt had been cut up and 
picked out by traffic. Slight repairs will probably be needed on 
this section during the coming summer. 


/ 
EXPERIMENT No. 11.—Oren-HEARTH SLAG—LIME. 


This section appeared very satisfactory as compared with the ordi- 
nary macadam on a continuation of the road which had been con- 
structed at about the same time and which had raveled considerably 
since. There was no sign of raveling here, but the surface was not as 
well bonded as the section at Youngstown, in which open-hearth slag 
screenings had been used. 


EXPERIMENT No. 12.—(a) CEMENT-CoNCRETE; (6) BiruMINOUS-SURFACED CEMENT- 
CONCRETE. 

(a) When inspected on September 9, 1910, the straight cement-con- 
crete section was in fair condition, but presented a rather rough and 
uneven surface, due evidently to the method of laying. There was 
only one small crack about 8 feet long in this entire section. It was 
decided to cover this section with a bituminous mat in the same 
manner as in experiment No. 126. This was done before the last 
inspection on November 2 in the following manner: 

The surface was first thoroughly cleaned by sweeping, after which 
the hot bituminous binding material was applied by pouring from 
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buckets at the rate of three-fourths of a gallon per square yard. While 
the bitumen was still hot, stone screenings ranging from one-fourthinch 
to one-half inch in diameter were applied in sufficient quantity to take 
up all excess of bitumen. A number of bituminous binding materials 
were applied to this section. The character of these materiais is indi- 
cated by reference to Circular No. 92 in the cost data for this work 
given in Table 35. 

(6) This section was in better condition than that treated in experi- 
ment No. 12a, but the greater part of the bituminous surface had 
worn away and it was therefore treated again in the same manner, as 
described under experiment No. 12a. The cost and materials data for 
this work are to be found in Table 35. 


EXPERIMENT No. 13.—ASH-CEMENT-CONCRETE. 


This section was in excellent condition, better indeed than any of 
the other cement-concrete sections. It was quite smooth and hard, 
and no cracks had developed. During the month of October, this 
section was given a bituminous surfacing in the same manner as de- 
scribed under experiment No. 12. The cost data for this work are 
shown in Table 35. ; 


EXPERIMENT No. 14.—BrIcxk. 


At the time of inspection all of the brick sections were in excellent 
condition and showed but little effect of wear, since the thin grouting 
of cement had not entirely worn away. 


TABLE 35.— Materials and cost data for bituminous surface on cement-concrete sections, 


ithaca Ney: 
rise Quantity of| Cost data (cents hy 
Description. material. | per square yard). Total cost 
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tar (Table 5, Circu- 
lar 92). 
Welb ieee. 15 See eee Heavy refined water- |142 |252 | .026 | .57 | 3.95 | 3.99 | 3.08 |11.02 | 27.77 
gas (Table 12, Cir- 
cular 92). 
L2G i pepaer (aC Paster epee Semisolid, refined, | 55 | 98 | .026 | .57 | 3.95 | 3.99 | 3.08 |11.02 | 10.80 
semiasphaltic oil 
tate 9, Circular 
92). 
2G ME ce GOS erence Heavy refined coal | 21 | 37 | .026|] .57 | 3.95 | 4.85 | 3.08 |11.88 | 4.40 
tar (Table 5, Circu- 
lar 92). 





Sorte, 


DUST PREVENTION AND ROAD PRESERVATION. oo 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT NEWTON, 
MASS., IN 1908. 


ASPHALTIO PREPARATIONS, TAR PREPARATIONS, RESIDUAL OIL, . AND 
MOLASSES-OIL-LIME. 


These experiments are described in Circular No. 90, and the report 
of an inspection of the roads made on July 22, 1909, was published in 
Circular No. 92. The work was again inspected on August 19, 1910, 
after a heavy rain, and the following report was made: 


- EXPERIMENTS Nos. 1, 2, 3, 4, 5, 6, AND 7.—AspHaALTiIC PREPARATION—MIXING 
: METHOD. 


These sections were in practically the same condition as when 
inspected in 1909. In sections Nos. 1 and 2 the surface is somewhat 
worn, but fairly well bonded. A number of spots which had failed 
had been patched with a mixture of oil and sand or gravel. Most of 
these patches were in the center of the road. Section No. 2 was in 
slightly better condition than No. 1 and section No. 3 was in better 
condition than the other two, with the exception of a spot about 2 
feet in diameter about the middle of the section on the outer side of 
a curve. A few patches had been made at the western end of this 
section. Section No. 4 was well bonded and no repairs had been 
required, but the surface was somewhat rough since all of the tarred- 
sand dressing had been worn away and removed by traffic. Sections 
Nos. 5, 6, and 7 were in uniformly good condition. 


EXPERIMENT No. 8.—ReEsipuAL Ort—Mix1ine METHOD. 


The surface of section No. 8 was loose in patches and could be 
easily dug into with a knife. At the intersection with Langdon 
Street it had raveled slightly. No repairs had been made on this 
section. 


EXPERIMENTS Nos. 9 AND 10.—REFINED WATER-GAS TAR—MIxInNG METHOD. 


Both of these sections were in almost perfect condition; they were 
smooth and so well bonded that it was practically impossible to dig 
into the wearing surface with a pocketknife. Section No. 10 pre- 
sented a particularly satisfactory mosaic surface. 


EXPERIMENT No. 11.—Mo.uassess-O1n-Lime. 


The surface of the molasses-oil-lime section was rather rough when 
inspected, and muddy at the sides. It was somewhat raveled in 
places, but was for the most part well bonded. 
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SUPPLEMENTARY REPORT OF EXPERIMENT MADE AT INDE- 
PENDENCE, KANS., IN 1908. 


OIL-ASPHALT IN THE CONSTRUCTION OF AN EARTH-ASPHALT ROAD, 


The original report of this experiment is to be found in Circular No. 
90, while the report of an inspection made on February 19, 1910, is 
contained in Circular No. 92. The road was again inspected on Feb- 
ruary 20, 1911, during cold, sleety weather, and the following results 
were reported: 

That portion of the work on Minnehaha Street, where the soil is 
decomposed shale and argillaceous sandstone, was in good condition, 
free from ruts and fairly smooth. But little mud was noticed on this 
section, although its general appearance was that of an ordinary 
earth road. Tonopah Street, composed of gumbo and buckshot clay, 
was not in as good condition as Minnehaha Street and was quite 
muddy, especially the western block, where the mud was from 8 to 
4 inches deep. A resident on this street reported that no repairs had 
been made since the road was constructed. During dry weather tha 
entire road has been in good condition since construction. 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT GARDEN 
CITY, DODGE CITY, BUCKLIN, AND FORD, KANS., IN 1908. 


SAND-CLAY. 


The original report of these experiments is to be found in Circular 
No. 90, and the report of an inspection during 1909 appears in 
Circular No. 92. The following is a report of inspection made during 
1910: 


_ EXPERIMENT AT GARDEN CITY. 


An inspection on December 14, 1910, of the sand-clay road at 
Garden City showed the road to be in fair condition with the fol- 
lowing exception. In this experiment a local gypsum clay was mixed 
with the natural sandy soil. For a distance of 200 feet the road had 
broken through in places, forming chuck holes. The holes occur 
mainly in the wheel tracks, but some extend entirely across the road. 
On the rest of the road no ruts have developed and very little dust 
has been formed by traffic. Itis nearly as hard as macadam and well 
bonded, with the exception of a few spots which will probably develop 
into chuck holes unless they are repaired in the near future. The 
road is scarcely wide enough to accommodate the traffic to which it 
is subjected and in places along the shoulders the sand-clay surface 
has been. sheared off by the wheels of wagons turning out to pass 
each other. Maintenance of this road has been entirely neglected 
since its construction. Its present condition seems to indicate that 
dry weather has had more to do with its failure in places than heavy 
traffic. 


f 
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EXPERIMENT AT DopGE Crry. 


In the work at Dodge City a clay silt obtained from an old irriga- 
tion ditch was mixed with a sandy soil similar to that encountered 
at Garden City. When inspected on December 13, 1910, the condi- 
tion of the road varied in places from poor to good. Sections from 
200 feet to 400 feet in length were quite satisfactory, but in other 
sections ruts had developed to a depth of 3 or 4 inches, and numerous 
chuck holes had been formed where the sand-clay surface had been 
reduced in thickness to such an extent that it was unable to sustain 
the weight of traffic. The portion of this road in Dodge Township, 
about one-fourth mile in length, was in poor condition, while the bal- 
ance of the road could be called fair with the exception of the short 
sections above mentioned. The entire road was reported as being 
in good condition until the fall of 1910, and no repairs were made. 
The cause of its partial failure is undoubtedly due to a long-continued 
dry spell, for practically no rain had fallen for a year preceding the 
inspection. ‘The road naturally became very dusty during this period 
and much of the sand-clay mixture was worn away. The southern 
end of the road outside of Dodge Township had been recently re- 
paired to some extent by the addition of fresh material where needed, 
and it is evident that careful and constant maintenance will be re- 
quired to keep the road in good condition from now on. | 


EXPERIMENT AT BUCKLIN. 


In this work a buckshot clay was mixed with a sandy soil. When 
inspected on December 15, 1910, this road had much the same ap- 
pearance as that at Garden City.. The sand-clay surface had broken 
through in a number of places and chuck holes had been formed. 
It was not, however, in as bad condition as the former road and - 
was not rutted as deeply. The greater part of the surface was 
hard and smooth, and practically free from dust. Scarcely any- 
thing has been done in the way of maintenance since the road was 
constructed, with the exception of applying a few loads of new mate- 
rial at the approach to the bridge. If the chuck holes were repaired 
in a similar manner, the road could be put in good condition. 


EXPERIMENT AT ForRD. 


In this experiment a short section of road forming the southern 
approach to a bridge crossing the Arkansas River was graded and a 
sedimentary clay was added. When. inspected on December 15, 
1910, the road for about 350 feet was in excellent condition; it was 
hard, smooth, and practically free from ruts. The entire road was 
in better condition than any of the other experimental sand-clay 
roads, although no repairs had been made since construction. Very 
little dust was in evidence on the road surface. 
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SUPPLEMENTARY REPORT OF AN EXPERIMENT MADE AT 
BOWLING GREEN, KY., IN 1907. 


KENTUCKY ROCK ASPHALT. 


The original report of this experiment is to be found in Circular 
No. 89, the report of an inspection made during January, 1909, in 
Circular No. 90, and the report of an inspection made during the 
latter part of May, 1909, in Circular No. 92. On December 21, 1910, 
this road was again inspected. For 10 days previous to the inspec- 
tion there had been light rains alternating with freezing weather. 
The temperature was about 28° F. at the time of inspection. 

The entire section was smooth and hard, except as noted below. 
The cross section was well maintained; and the surface rang sharply 
under the blows of horses’ hoofs. The city engineer stated that the 
road had. been giving entire satisfaction and that no work had been 
done on it since its construction. Over the eastern half of the road, 
along each side and about 2 feet from the edge of the metaling, one 
and sometimes two shallow ruts about one-half inch deep and from 3 
to 4 inches wide were in evidence. These indicate that the shoulders 
are insecure at this section. 

About 100 feet from the eastern end, and half way toward the 
crown, one small cup hole had developed, in which stones could easily 
be loosened. Elsewhere there was no indication of loose material. 
~The thin dust coat that gave the surface a general appearance of 
sheet asphalt had been worn away and in three places the underlying 
limestone was exposed. ‘This stone was, however, thoroughly bonded 
and showed no indications of raveling. 

The surface was everywhere hard and well compacted, and a small 
specimen of the rock asphalt when dug up and warmed in the hand 
showed that the bitumen still had considerable life. 
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SPECIAL ROAD PROBLEMS IN THE SOUTHERN 
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INTRODUCTION. 


While the general principles of road construction are nearly the 
same all over the United States, it will be found necessary to modify 
them somewhat, owing to climatic conditions, difference in the 
road materials available, and numerous varying local conditions. 
Problems will be encountered in the Northern States, owing to 
frost action and severe winters, that do not concern the southern 
road builders, and in turn the northern builders do not have to con- 
tend with tropical vegetation or the scarcity of free labor. There are - 
certain road problems confined to the Southern States, and it is with 
these particular cases that this circular will deal, rather than with the 
general road problems. 

It will be the aim of this publication to deal as concisely as pos- 
sible with such difficulties and to offer a simple treatment of them 
by the use of local materials and labor. 


FLOODED ROADS AND FORDS. 


At certain seasons of the year, in some localities, there are roads 
that are entirely covered with water from 1 to 10 feet deep, and for a 
distance varying from a few hundred feet to more than a mile. Such 


-conditions are found in the eastern Carolinas, and in southern Georgia, 


Alabama, Mississippi, Florida, and other Staces. 

At such times, travel is practically cut off or confined to horse- 
back riding, with a heavy loss to the community. Education is at 
a standstill; medical service is limited and irregular; church attend- 
ance becomes impossible; the mails are delayed, if not entirely aban- 
doned; fire protection is cut off; and life on the farm becomes one of 
isolation and hardship. This is one of the conditions that, this cir- 
cular seeks to relieve by making the road passable 12 months in the 
year at a nominal cost. 

As in other cases, the trouble should be traced to its source, but here, 
even when the cause is ascertained, the road builder is little better 
off, for the cause for such conditions hardly ever originates on the 
road itself. It is quite likely to be a choked channel on private 

95680°—11 | 7 


8 SPECIAL ROAD PROBLEMS IN THE SOUTHERN STATES. 


land, a swollen stream overflowing its banks, or a large drainage area 
emptying over a small area, which limited funds will not suffice to 
remedy, even if all the legal objections can be overcome. 





Fig. 1.—Ford on a main road in South Carolina. 


The real problem consists in doing the necessary work on the road 
itself without damage to the property on either side In some cases 





Fig. 2.—A plank bridge in South Carolina one-half mile long. 


a long bridge has been built, but such a bridge is expensive in its 
construction and is a constant item of maintenance. For most 
places, indeed, its cost is prohibitive. 
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_ To make a deep fill, with the necessary culverts, would also require 
a large financial outlay, especially since the slopes would require 
heavy facing to prevent sliding at flood season. 

The growth of vegetation is so rapid in the South that clearance 
of channels, if permitted by the abutters, would be of little value 
unless systematically done at frequent intervals. There is, however, 
scarcely a section in the South where these conditions exist that 
either timber, brick, stone, or sand can not be obtained. 

The first solution to the problem lies, then, in the use of timber for 
making the flooded sections passable, so that, for example, the engine 
of an automobile may be kept dry while going over the road. 

On the downstream side of the road logs are placed parallel to the 
road in the form of a pyramid, with the top of the upper log set as 
high as the usual water level on the road. The bottom logs are held 
in place by either sinking them in a shallow trench or by driving heavy 
stakes. The logs are set at the extreme limits of the traveled way: 
Large-sized logs are used and the largest are placed in the base of 
the pyramid. These logs lie end to end except that space is left to 
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Fig. 3.—Crosscut view showing the method of draining a flooded road with logs. 


permit a culvert with a head wall to pass through. The purpose of 
this culvert will be explained later. Sand is dumped against the logs 
on the side toward the traveled way until it is level with the top log 
and wide enough for a vehicle to travel on. The logs act as a re- 
taining wall, or as a dam, and practically all sediment is retained, so 
as to form a gradual slope from the top of the logs to the opposite 
side of the road. By driving close to the logs a wagon or automobile 
encounters but a few inches of water. After the flood season and 
as the water recedes, the purpose of the culvert is apparent. The 
logs and sand act as a dam and, without the culvert, would keep the 
land flooded on the side of the road opposite the logs. 

A culvert is placed at right angles to the road at the natural grade 
of the ground and protected with head walls at both ends. As the 
water recedes, it runs away from the logs down the incline to the 
inlet of the culvert and through this under the road. Every flood 
adds sediment and compacts the material. 

If stone, brick, or sand can be had, a more permanent structure 
can be obtained by making it of concrete, brick, stone, or cement 
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mortar. If stone is the only available material, it is necessary only 
to lay the stone, like a wall, parallel to the road, similar to the arrange- 
ment of the logs as shown in figure 3. Where brick is used, the top 
of the wall should be at least 8 inches thick, while the thickness at 
the base depends upon the height of the wail. In some sections con-  , 





Fig. 4.—Crosseut view showing the method of draining a flooded road with a concrete wall. 
crete or cement mortar can be obtained, and in such places a neat 
permanent wall can be laid. 

SWAMP SECTIONS AND LOW LEVELS. 


There are roads on which the water stands throughout the whole 
year and, while they do not become impassable like the flooded areas, 





Fia. 5.—Swampy mail route in Georgia. 


they are a nuisance to all who are obliged to use them. Pedestrians 
are sometimes able to cross these sections on plank walks, which, 
however, are generally neglected. They are impassable for, automo- 
biles because of the danger of flooding the engines. 
4 
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In cases of this description the trouble is caused by the fact that 
the water can not be drawn away from the road because the road is 
lower than the level of the adjacent land. It is, therefore, necessary 
to elevate the road above the water to secure proper drainage. 

While a bridge would remedy the trouble in some cases, it must be 
remembered that this circular is describing those sections which are 
financially unable to build bridges at present. Moreover, unless the 
bridge is built of something more permanent than wood, there must 
be a constant outlay 
for the maintenance of 
the bridge floor. 

On the other hand, 
to make a fill that 
would raise the road 
entirely out of the 
water would cost a 
large amount of 
money, and such a fill 
would require heavy 
protection on its 
slopes, in order that 
the water might not 
undermine them. 
Where a small fill has 
been made, the local 
authorities have usu- 
ally resorted to the 
corduroy road, which 
is one of the roughest 
and most unsatisfac- 
tory roads in use. If 
the material used can 
absorb moisture to 
any extent, the fill nat- 
urally becomes gradu- 
allysaturated. As the 
water must remain on 
or around the road, it 
is necessary to use a material that holds as little moisture as possible, 
and to use it in such a manner as to give a dry road with the least 
amount of materials. 

There is scarcely a section in the South where either rock, clay, or 
sand can not be obtained. Wherever there is clay, brick will prob- 
ably be made, and wherever there isa brick kiln, it is possible to secure 
old brickbats, or at any rate they can generally be found around 
the sites of old brick buildings. 





Fig. 6.—Corduroy road near Lunenburg, Va. 
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The method of construction for roads of this description is the 


same, whether rock, brickbats, or sand are used. The road is first 


formed in a V-shape by either excavating in the center and throwing + 


the material to the sides or by filling the materials in at the sides of 
the roadbed to form the sides of the “V.” This ‘‘V”’ is next filled with 
either rock, brickbats, or sand. If it is filled with rock, the largest- 
sized pieces are kept at the point of the “V,” while the smallest are 
used at the top. For a 15-foot roadbed the rock is placed from 18 
to 24 inches thick in the center and to a depth of about 6 inches at a 
point 74 feet on each side of the center. The top is then dressed off 
with natural soil and a road drag is used. - 





SECTION 


Fig. 7.—Roadbed with V-shaped foundation. 


If it is filled with brickbats or sand, the same method is used. The 
sand section will remain damp and, since sand supports a load better 
when damp than when dry, this is an advantage. 


This type of road is more satisfactory than the old corduroy road, 


and far less expensive to maintain, because the use of the road drag 
and an occasional renewal of material when settlement takes place 
will be the only items of expense. In some sections the ‘‘V” has 
been filled with logs laid parallel with the road, but this method is not 
recommended except as a temporary measure. 
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SECTION 
Fic. 8.—V-shaped drain filled with rock, brickbats, or sand. 


EROSION OF THE ROAD AND DITCHES. 


After hard or prolonged rains,‘roads which have been constructed 


with a flat surface are often gullied in the center, or, if the road was 


well crowned, the gutters or ditches are usually badly washed. 
As a rule the damage is more extensive on grades than o> level 
stretches. This is because the damage in general depends upon the 


velocity of the water, and this of course is controlled by the steep- 


ness of the slope. If the water cuts the ditches very deep, it might 
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be advisable to reduce the grade of the road, if possible, either by 
cutting down the summit or filling at the foot of the hill, or both. 
It must be remembered that this is likely to be economical in the 
end even if the first cost seems high, since it will not only save on 
_ future maintenance, but will decrease the tractive force required to 





Fic. 9.—Erosion of side ditches on a South Carolina road causing danger to traffic. 


pull a load at this point. There are, however, many grades that can 
not be changed, because of local conditions, and it is the aim of this 
circular to deal with these cases. 

In the case of the sandy sections the wash may be effectively 
stopped by 2-inch planks from 6 to 12 inches wide and cut into 
3-foot sections. 
These short planks 
are sharpened = on 
one end and_ then 
enough of them to 

“cover 3 feet in 
width of the gutter 
or ditch are driven 
in edge to edge for a 


— 





depth of over 3 feet Fig. 10.—Two-inch plank prepared for use in sandy regions. 
at right angles.to the 


grade of the road. If they are driven in a little more than flush with 
the gutter, there is no danger of the road machine or drag striking them. 

In a clay section it is practically impossible to drive a plank 3 
feet without splintering it. The method of construction is entirely 
different from that described for sandy sections. Old logs or railroad 
ties, if they can be secured, are better under these conditions. They 
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should first be cut into 4-foot lengths. Trenches are then Pe , 
the gutters at right angles to the road, and the tie or log is placed in 
the trench. Where the wash is severe, several logs are placed directly 
over each other like the flashboards in a dam. The top log or tie: is 
placed at least 4 inches below the gutte’ in order to prevent it from 
coming in contact with a road drag or road machine in operation. ; 





SECTION 













Fia. 11.—Crosseut view of a sandy road protected by planks. 


The ties or logs are placed from 20 to 60 feet apart, according to the 
orade of the hill, and it is an easy matter to insert one whenever an 
additional one is required. 7: 
The chief advantage gained by this use of logs or planks is that 
deep and dangerous ditches which are not only a menace to travel, 
but also make the road narrow, are removed. When the planks or _ 
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Fig. 12.—Road ditch prepared with trenches to be filled with logs. 


logs are used, the entire width of the road can be used by the public, 4 
and the road is always safe. 


SAND OR CLAY STRETCHES. 


Many sand beds that are bad at all seasons can be improved by — 
mixing clay with sand by means of a plow and harrow and then using 
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Fig. 13—Road ditch with logs in place. 


the road drag systematically. On the other hand, many clay sec- 
tions that are bad in wet weather can be improved by first plowing | 
and then mixing in sand by means of the harrow, and finally using 
the road drag. 

The Office of Public Roads has issued a publication on the subject 
of sand-clay roads, and this circular will not therefore enter into the 
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D rethod of rea construction. This publication is 
illetin, os “Sand-clay and Burnt-clay Roads,” and 










| the particles together. The road really lies between a sand-clay 
d an earth road, and it is well to bear in mind that the best 


_is pliable and plastic and can be easily and economically 
The earth roads are vastly improved if all sod, roots, 
, and perishable material can be kept out of the roadbed and 
urface well crowned. 
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U. S. DeparTMEeNtT oF AGRICULTURE, 
Orricr oF Pubic Roaps, 
Washington, D. C., August 2, 1911. 
Sir: I have the honor to transmit herewith the manuscript of a 
circular, by Mr. Prévost Hubbard and Mr. Clifton N. Draper, of this 
office, on the Effect of Naphthalene upon the Consistency of Refined 
Tars. This publication is one of a series of papers which will be 
prepared under the general subject, Naphthalene in Road Tars. A 
systematic investigation of the effect of various constituents upon the 
quality and adaptability of tars used as road binders would seem to 
be of the greatest importance, first, because of the present lack of 
data bearing upon this subject, and second, because the utilization 
of tars in road treatment and construction seems destined to effect 
a large proportion of the road work in this country. I therefore 
respectfully request that this paper be issued as Circular 96 of this 
office. 
Respectfully, Logan Watuer Pac, 


Director. 
Hon. James WILson, 


Secretary of Agriculture. 
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Ree err ECT OF NAPHTHALENE UPON THE 
CONSISTENCY OF REFINED TARS. 


Naphthalene, C,,H,, often occurs in coal tar in larger quantities 
than any other one hydrocarbon and for this reason it is natural to 
suppose that it exerts an appreciable influence upon the quality and 
applicability of coal tars used as road binders. In this country the 


use of tars in road treatment and construction has advanced rapidly 


during the past few years and upon the market to-day are to be 
found a number of tar preparations intended for such use. These 
preparations are as a rule made by distilling off the lighter and more 
volatile constituents from both crude coal tar and crude water-gas 
tar or mixtures of the two. The residual products, which vary in 
consistency according to the extent and method of distillation, are 
sold for road purposes. Many successes and many failures have re- 
sulted from the use of coal tar and water-gas tar road binders, and 
oiten no clew has been obtainable as to the reason for such diverse 
results. In view of this fact, a systematic study of the principal 
chemical constituents of road-tar preparations and their effect upon ~ 
the quality of such preparations is now being made in the labora- 
tories of the Office of Public Roads, United States Department of 
Agriculture. 

In the present paper, which is the first of a series upon naphtha- 
lene, no attempt will be made to review the chemistry of this sub- 
stance, since this discussion is reserved for a later publication which 
will cover the entire subject as presented in the individual papers. 
A few remarks concerning certain physical properties of naphtha- 
lene may, however, not be amiss at this point. 

Naphthalene, in the pure state, exists in white crystalline masses 
of thin rhomboidal scales melting at 79° C. and having a boiling 
point of 218° C. Its specific gravity at 15° C. is 1.1517. It has a 
very characteristic odor, commonly familiar in moth balls, and is ex- 


_ tremely volatile, considering its high molecular weight, so much so 


that in the manufacture of coal gas it is only partially deposited 


im the condensers, while the remainder is carried into the purifiers 
10431°—Cir. 96—11 3 
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and into the gas mains, where it deposits in the bends of pipes during _ 
cold weather and often causes them to become clogged. Naphtha- — 
lene volatilizes far below its boiling point and, in crude tars, dis- 
tills to a considerable extent with aqueous vapor and also with the 
light tar oils, which accounts for its occurrence in the first fractions. 
Even at ordinary temperatures, it volatilizes slowly and gives off 
a penetrating tarry odor. It is shghtly soluble in hot water, but 
dissolves easily in alcohol, ether, fatty and essential oils, acetic acid, 
and especially in the phenols and lighter tar distillates. No entirely 
satisfactory method for the quantitative determination of naphtha- 
lene in tar has, as far as the authors are aware, been devised up 
to the present time, although methods have been put forth by vari- 
ous investigators for the determination of naphthalene in illuminat- 
ing gas, 

It is a rather generally accepted theory that, in the manufacture 
of coal gas, the formation of naphthalene is due to certain complex 
reactions which take place only at the high temperatures at which 
the retort is maintained in modern gas-house practice. According 
to Cooper,' “A few years ago—when lower temperatures were in 
vogue, and when lower makes per ton of coal carbonized were reg- 
istered—naphthalene was an almost unknown quantity; but now 
that the stress of competition demands the highest possible output 
of gas, it seems also to bring in its train the formation of large quan- 
tities of naphthalene.” It is certain, however, that other factors, 
such as the size, shape, and inclination of the retort with relation 
to the volume of the charge of coal, and the varying conditions to 
which the evolved gases are subjected before and during their 
passage from the retort, have a great deal to do with the quantity — 
of naphthalene formed. 

Tars used as road binders are for the most part soft pitches — 
obtained by distilling from 15 to 80 per cent of the lighter products 
from the crude material. The soft pitch contains a large propor- 
tion of the naphthalene which may have been present in the original 
tar, and it is the study of the effect of naphthalene upon this grade 
of material that is the subject of this paper. As consistency is one 
of the most important properties of a road tar, it was thought well 
first to investigate the effect of varying percentages of naphthalene 
upon a given tar. 

From its very nature naphthalene itself can not be considered as 
a binding material. For some time past it has been known, however, 
to serve as a flux for the binding constituents of tars, in spite of the 
fact that it is a crystalline solid. Thus it is possible to combine, by 
heating together, a hard tar pitch and a quantity of naphthalene | 
with the formation of a soft product. It was thought, therefore, that 
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a comparison of its fluxing value with that of certain less volatile tar 
distillates would prove most instructive. For this purpose a rep- 
resentative coal tar was taken and distilled to 238° C. in order to 


-remove all the naphthalene. This naphthalene-free tar pitch, which 


was used for the following tests, was so hard that it was difficult to 
make an impression on it with the finger. An arbitrary measure of 
the consistency of this pwtch was then obtained by means of the New 
York Testing Laboratory float-test apparatus, which is customarily 
used for this purpose in the routine examination of tar products 
in the Office of Public Roads. 

The float apparatus, briefly described, consists of an aluminum 
float or cup, 34 inches in diameter, into which is screwed a small 
brass conical collar or mold. This collar is ¢ inch high, with an 
internal diameter at the top of 2 inch and at the bottom of 4 inch. 

In making the test the brass collar is placed with the small end 
down on a brass plate which has been previously amalgamated with 


_ mercury by first rubbing it with a dilute solution of mercuric chlorid 


nitrate and then with mercury. <A small quantity of the material 
to be tested is heated in a metal spoon until quite fluid, with care that 
it suffers no appreciable loss by volatilization and that it is kept free 
from air bubbles. It is then poured into the collar in a thin stream 
until shghtly more than level with the top. The surplus may be 
removed after the material has cooled to room temperature, by means 
of a spatula blade which has been slightly heated. The collar and 
plate are then placed in a tin cup containing ice water maintained at 
5° C. and left in this bath for at least 15 minutes. Meanwhile 
another cup is filled about three-fourths full of water, placed on a 
tripod, and the water heated to any temperature at which it is desired 
to make the test. This temperature is accurately maintained, and is 
at no time throughout the entire test allowed to vary more than one- 
half a degree centigrade from the temperature selected. Atter the 
material to be tested has been kept in the ice water for at least 15 
minutes, the collar and contents are removed from the plate and 
screwed into the aluminum float, which is then immediately floated 
in the warmed bath. As the plug of bituminous material becomes 
warm and fluid it is gradually forced upward and out of the collar 
until water gains entrance to the float and causes it to sink. 

The time in seconds between placing the apparatus on the water 
and when the water breaks through the bitumen is determined by 
means of a stop watch and is taken as a measure of the consistency 
of the material under examination. Results so expressed are only 
relative, but they are comparable to within a good degree of pre- 
cision. The temperature at which the water bath is maintained is 
purely an arbitrary matter and, for routine work in the office, 82° C. 





1 Bulletin 38, U. S. Dept. of Agriculture, Office of Public Roads, pp. 14-16. 
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and 50° C. have been selected as a matter of convenience when testing 
the comparatively soft and comparatively hard road tars. 

For the work described in this circular 55° C. and 80° C. were 
adopted as most convenient temperatures. The former was selected 
after making a series of float tests upon the prepared coal tar pitch 


at temperatures varying from 40° C. to 60° C. In these tests it was ~ 


found that at 40° C. and 45° C. the tar had not softened sufficiently 
to complete the test at the end of 1 hour; at 50° C. a test of 24 
minutes and 18 seconds was obtained; at 55° C., 9 minutes and 47 
seconds, and at 60° C.,3 minutes and 45 seconds. The duration of the 
test at 55° C. seemed most satisfactory as allowing sufficient leeway 
for comparative results without consuming too much time. It was 
decided to select 80° C. as a second working temperature, as it was 
the nearest convenient one to the melting point of naphthalene. It 
was thought that, by making consistency tests upon the naphthalene 
tar-pitch mixtures, later described, at both 55° C. and 80° C., the 
results would show not only how much the mixtures softened at the 
higher temperature, but what differences, if any, might be due to 
naphthalene below and above its melting point. 

When the matter of temperatures had been decided upon and the 
consistency of the tar pitch had been determined at these tempera- 
tures, naphthalene mixtures were made as follows: Approximately 30- 
gram samples were accurately weighed intoa series of small tin dishes, 
and varying percentages of c. p. flake naphthalene were added, 
starting with 0.5 per cent of naphthalene and gradually increasing 
this amount to the extent of 30 per cent. In all, 13 samples were 
prepared. Before adding the naphthalene, each weighed sample of 
tar was warmed in the tin dish until fairly fluid, after which the 
naphthalene was added and the mixture well stirred. It was found 
better to add the naphthalene a little at a time during the process 
of mixing rather than to add the entire amount at one time, as by 
so doing there was less danger of losing some of the naphthalene by 
volatilization and a uniform mixture was more readily obtained. 


As the naphthalene was added, an increase in the fluidity of the 


mixtures was readily seen. Where 20 per cent of naphthalene was 
used, the mixture was found to be fluid at normal temperatures, 
whereas the original pitch was semisolid. The naphthalene com- 
bined with the tar with surprising readiness and, upon cooling, 
no traces of the naphthalene could be seen in the resulting mixture, 
except where high percentages were added. It was found, however, 
that between 15 and 20 per cent of naphthalene caused the tar to 
become saturated. The 15 per cent mixture was homogeneous when 
cold, but in the 20 per cent mixture a small amount of naphthalene 
crystals separated out upon cooling. This fact indicates that the 
tar pitch forms a sort of eutectic with naphthalene similar to certain 
metallic alloys. Above the approximate eutectic of 20 per cent the 
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naphthalene crystallized out more and more as the percentage was 
increased. A mixture of 30 per cent of naphthalene solidified. This 
was due to the crystallization of the excess of naphthalene. The 
consistency of this mixture at 55° C. was found to be higher than 
the preceding mixtures, owing to the separation of the naphthalene, 


~ which does not melt at this temperature. At 80° C. the consistency 
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of this mixture was nil; that is, it became very fluid, as would 
naturally be expected. The maximum increase of fluidity of the 
tar was obtained with 20 per cent of naphthalene, which is prac- 
tically the eutectic point. These facts will be noticed on the curves 
A and A’ (fig. 1), which show the consistency of the mixtures plotted 
against the varying percentages of naphthalene. 
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Curve A shows the decided effect which naphthalene has upon the 
tar at 55° C., and A’ the effect at 80° C. As the temperature of the 
water bath during the float test is raised, the curve A will approach 
A’ and a series of curves might be obtained, lying between A and A’, 
for water-bath temperatures between 55° C. and 80° C, 

The sensitiveness of the tar pitch to small increments of naphtha- 
lene is shown by the sharp drop in the first section of curve A, start- 
ing with the addition of 0.5 per cent of naphthalene, which increases 
the fluidity 1 minute 12 seconds. The fluidity increases very markedly 
until 7 per cent of naphthalene is reached, when the curve becomes 
more gradual, while increasing percentages of naphthalene have a 
much smaller effect. The curve drops, however, until 20 per cent of | 
naphthalene is reached and then rises gradually to 25 per cent of ~ 
naphthalene, owing to the separation of naphthalene, as previously 
explained. At 30 per cent of naphthalene a sharp rise is noted and 
the curve, if continued further, would rise almost perpendicularly, 
because the naphthalene is so much in excess that an accurate meas- 
urement of the consistency would be impossible. For reference to 
the percentage increase in fluidity owing to increasing increments of 
naphthalene, the data given in Table I calculated from the curves 
will show statistically what the curves represent graphically. 


TABLE I.—Percentage increase in fluidity of coal-tar pitch owing to additions 
of naphthalene and naphthalene-free tar distillate. 


Due to naphtha- isti 
Dertenint jena. Due to distillate. 
naphthalene 
or distillate. 

| At 55° C. | At 80° C. | At 55° C. | At 80° C. 


| 


Per cent. | Per cent. | Per cent. | Per cent. 
1, ) f 5 





0.5 
1.0 26.9 11.5 19.1 5.8 ; 
1.5 44.5 19.2 29. 6 14.4 
2.0 50.8 27.9 37.1 17.3 : 
2.5 59. 3 32.7 44.6 20. 2 ¥ 
3.0 64. 1 36.5 49.9 25.0 z | 
5.0 76.5 51.0 64.2 39. 4 g 
7.0 83.3 63.5 75.1 49.0 4a 

10.0 91.5 75.0 82.3 61.5 

15.0 94. 4 83.7 89.6 74.0 : 

20. 0 97.3 90. 4 94.5 83.7 

25.0 96. 9 89. 4 96. 6 89. 4 

30. 0 88. 1 75.0 100.0 100.0 





It will be observed that 7 per cent of naphthalene increases the 
fluidity of the tar 83.3 per cent at 55° C., while 20 per cent increases 
it 97.3 per cent, showing that the additional 13 per cent of naphtha- 
lene makes an increase of only 14 per cent in fluidity. This fact is 
shown by the gradual slope of the curve A between these points as 
contrasted with the steep slope up to 7 per cent. 

For comparison with the consistency results obtained with 
naphthalene, a portion of the original coal-tar pitch was saved for 
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use in mixtures with a naphthalene-free tar distillate. Duplicate 


tests were carried out in the same way as were the naphthalene tests, 
except that equivalent percentages of a naphthalene-free distillate 
were employed. This distillate was a mixture of oils taken from the 
distillation of several water-gas tars and showed the following com- 
position upon fractional distillation in an Engler flask: 


TABLE II.—Fractional distillation of tar distillate. 
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Temperature Per cent Temperature Per cent 
in.” .C, distilled. A Meal distilled. 
Up to 190 0.7 Up to 280 47.5 
Up to 200 1.0 Up to 290 55.5 
Up to 210 1.8 Up to 300 62.5 
Up to 220 5.0 Up to 310 71.0 
Up to 230 (pe Up to 320 77.5 
Up to 240 14.5 Up to 330 83.0 
Up to 250 23.0 Up to 340 89.0 
Up to 260 28.5 Up to 3461 | 94.0 
Up to 270 ois Ost | 
1 Dry. 


The specifi: gravity of this distillate was 1.006 at 25° C. and, 
upon cooling to —10° C., no solids crystallized out of solution. 

Thirteen samples were weighed out in the same manner as for 
the naphthalene tests and the percentages,of distillate added as 
before. Consistency results were obtained upon the mixtures of tar 
and distillate, according to the float apparatus, and at the same 
temperatures as in the naphthalene tests—55° C. and 80° C. The 
procedure was exactly duplicated in both cases, so that the results 
could be studied under exactly the same conditions. In figure 1 
the results of this second series of tests are shown by curves B and 
B’, and the corresponding tabulated data are shown in Table I as 
compared with the results from naphthalene. 

The effect exerted by naphthalene upon the fluidity of tar is, from 
these results, a very important one in coal tars used for road con- 
struction. All coal tars contain naphthalene, but the amount in 
road-tar preparations varies from 0 to 10 per cent and higher. The 
degree of fluidity which a tar maintains under service conditions is 
a most important consideration. The fact that a tar is originally 
of proper consistency for certain work is no reason for supposing 
that this consistency will be maintained under service conditions. 
If the fluidity of the tar is due principally to nonvolatile tar oils, 
it will undoubtedly maintain its original consistency for a longer 
period than if the fluidity is due mainly to high naphthalene content. 
“herefore, in two tars of the same consistency or degree of fluidity, 
one with a small naphthalene content and the other with a high 
naphthalene content, it would be natural to predict from the fore- 
going data that upon exposure the low naphthalene tar would main- 
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tain its original consistency for a longer time, if other things are 
equal. Owing to the volatility of naphthalene, the high naphthalene 
tar would undoubtedly lose more or less naphthalene, and hence its 
fluidity might be expected to decrease rapidly. This subject is now 
under investigation and will be covered in a later paper. 
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In addition to refined coal tars, refined water-gas tars and also 
refined mixtures of coal tar and water-gas tar are used to a consid- 
erable extent in the treatment and construction of roads. For this 
reason it was thought advisable to determine what effect naphthalene 
might have upon the consistency of a water-gas tar pitch. Water- 
gas tar as produced in the modern manufacture of carburetted water 
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“gas is similar in many ways to its sister product, coal tar. It has, 
however, marked characteristics in which it differs from coal tar, 
namely, a lower specific gravity, a lower free-carbon content, and a 
relatively small amount of naphthalene. 

A representative sample of water-gas tar was distilled until the 
residual pitch had as nearly as possible the same consistency at 55° C. 
as the coal-tar pitch in the previous experiments. This water-tar pitch 
had a consistency of 9 minutes 49 seconds. It was divided into two 
| portions, one for naphthalene mixtures and one for distillate mix- 
| tures. As in the previous work, samples were weighed out with 
| varying percentages of naphthalene and a duplicate set of samples 
| with an equivalent amount of the same naphthalene-free tar distil- 
| late as used in the coal-tar tests. The consistency was obtained in 
both sets of tests with the float apparatus, and the water bath was 
maintained at 55° C. and 80° C., respectively. The results from the 
| naphthalene series are shown in figure 2 by curves © and C’, and 
-__ those of the corresponding distillate series by curves D and D’. 

It will be noted that these curves follow very closely those shown 
| in figure 1 and are of the same general type. The relation between 
| the consistencies obtained with naphthalene and the naphthalene-free 
distillate is practically the same as for coal tar, and the respective 
influence of the increase in fluidity is similar, as shown in Table ITI. 
Indeed, this similarity is remarkably close when it is realized that 
the ical: tar pitch contained 18.34 per cent of free carbon, while the 
water-gas tar pitch contained only 1. 77 per cent of free exhort 

















7 TABLE I1I.—Percentage of increase in fluidity of water-gas tar pitch, owing 
to additions of naphthalene and naphthalene-free tar distillate. 

Due to naphtha- D listillate 

H | eb coat ot lene. ue to distillate. 

7 naphthalene 

} or distillate. 

| At 55° C,| At 80° C.| At 55° C,| At 80° C. 

Per cent. | Per cent. | Per cent. | Per cent. 
0.5 21.1 25 18.8 4.6 
1.0 38.0 15.6 29.7 11.9 
1.5 45.2 22.0 38.5 16.5 
| 2.0 53.0 30.3 45.2 21.1 
2.5 57.9 33.0 51.4 26.6 
3.0 62.0 38.5 56.7 31.2 
|! 5.0 76.4 54.1 68.4 46.8 
7.0 83.1 64. 2 75.9 55.0 
i 10.0 89.0 75.2 83.5 67.0 
15.0 94.9 86. 2 91.5 78.9 
| 20.0 97.1 89.9 94.7 86. 2 
} 25.0 98.5 92.7 97.1 90.8 
30.0 95.2 87.2 100.0 100.0 





Comparing these data with those tabulated for the coal-tar tests, it 
will be noted that the effect of small percentages of naphthalene is 
even greater for the water-gas tar than for the coal tar of like consist- 
ency, and this is also true of the naphthalene-free distillate, although 
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the effect is not so marked. The principal difference between the two. 
sets of curves at 55° C. is the marked increase in fluidity caused by 
both naphthalene and distillate when only 0.5 per cent is added, 


as even as small an addition as this increases the fluidity by 21.1 — 


and 18.8 per cent, respectively. This fact is shown by the sharp — 


drop in both Waters -gas tar curves at 55° C. The two series of curves | 


obtained at 80° C. are also similar. The effect of increasing amounts — 
of naphthalene, however, is not so markedly shown as in the curves — 
for the test at 55° C. 


In a paper by one of the authors,! on the effect of free carbon — 


in tars from the standpoint of road treatment it is shown that — 
an increase in the percentage of free carbon to tar bitumen of a — 
given consistency decreases the fluidity of the resulting product. It — 


is evident, therefore, that the true bitumen of the two tar pitches | 


under investigation, excluding free carbon, differed somewhat, 
although the pitches as prepared were of the same consistency. 
While at the present time it does not seem advisable to draw very 


definite conclusions, the foregoing results nevertheless strongly indi- — 


cate the following facts: 


(1) That the fluxing value of naphthalene for tar pitches is || 
somewhat greater, although quite similar, to the heavier naphthalene- ~ 


free tar distillates, until the mixture becomes saturated with naphtha- — 
lene; q 
(2) That for the harder tar pitches the addition of very small | 


percentages of naphthalene will produce a marked increase in fig ‘ 


ity of the resulting product; 
(3) That for ie softer Suir the addition of naphthalene in | 
small quantities causes less increase in fluidity than for the harder — 
pitches; y 
(4) That where naphthalene is added beyond the point of satura-— 
tion a rapid decrease in the fluidity of tars at temperatures below 
the melting point of naphthalene is observed, but at temperatures — 
above its melting point the fluidity continues to increase. 
In ental tee it may be stated that evidence points to the fact 
that, within a reasonable degree of accuracy, it should be possible — 
to Parnell by reference to the curves which have been given, what 
consistency to expect from the addition of a given percentage 
of naphthalene to a tar pitch or refined tar of known consistency, — 
irrespective of the free carbon content of the tar. | 


1 Proc. Am. Soc. Test. Mat., 1909, Vol. IX, p. 549. 
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UNITED STaTES DEPARTMENT OF AGRICULTURE, 
OrricE OF PUBLIC Roaps, a 
Washington, D. C., October 19, 191. Is 

Sir: I have the honor to transmit herewith ihe mange of : 
circular by Mr. Prévost Hubbard, chemist in this office, entitled 
‘““Coke-Oven Tars of the United States.” This publication gives 
results of examinations of all the coke-oven tars at present me 
factured in this country, together with a brief discussion of t. 
properties in relation to their use as road materials. I respectf 
request that this manuscript be published as Circular 97. of this of! 
Respectfully, me 
Logan WALLER PAGE, 


Director. + 
Hon. JAMES WILSON, 


Secretary of Agriculture. 
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COKE-OVEN TARS OF THE UNITED STATES. 


The rapidly increasing use in this country of refined coal tar in the 
treatment and construction of roads and the fact that an immense 
quantity of coal tar will ultimately become available for this purpose 
through the installation of by-product coke ovens make it highly 
desirable to obtain accurate information as to the properties of coke- 
oven tars which are being produced at present. Attention was 
-ealled by the author to the importance of this subject in a recent 
publication,' as follows: 

While, in the manufacture of coal gas, the production of tar. is 
absolutely unavoidable, this is not true of the manufacture of coke 
for metallurgical purposes. There are two general types of coke 
ovens in use at present, in one of which no attempt is made to recover 
the volatile products of the coal. This is the oldest form of oven, 
known as the ‘“‘beehive,”’ and is extensively used in this country 
to-day. It is constructed of brick and as its name implies has the 
form of a beehive. Bituminous coal is placed in this oven or kiln 
and a part of it burned in order to carbonize the remainder, while the 

volatile products, such as gas, ammonia, and tar, are allowed to escape 
through an opening in the top of the kiln, where they are lost in flame 
and smoke. 

Coke ovens in which the by-products are saved are now used to 
some extent in this country, and sooner or later will undoubtedly 
replace the old-style oven entirely, and thus increase our output of 
tar enormously. The reason that they have not been more generally 
adopted in this country is that in the United States tars are of much 
Jess economic importance than in the European countries, where 
great chemical industries are based upon the utilization of this 
material. Germany in particular is far in advance of us in this fiel 
and exports to this country alone coal-tar products to the value of 
several million dollars each year. With the development of the 
road-tar industry, which promises to consume vast quantities of tar, 
and the necessity for refining such tars before use, the general adoption 
of by-product ovens is only a matter of time. What this will mean 
in the increase in tar production can be imagined from the fact that in 
1908, out of a total of over 26,000,000 tons of coke produced in coke 
ovens, only a little over 4,000,000 tons were obtained from by-product 








1! Dust Preventives and Road Binders, pp. 239-240, New York. 
16994°—12 3 


4 COKE-OVEN TARS OF THE UNITED STATES. 


ovens. About 22,000,000 tons of coke were, therefore, produced 
without recovery of the tar. As the average yield of coke per ton of 


24 4 Se a 


coal was 66 per cent, this would represent the consumption of over — 


33,000,000 tons of coal. Upon the basis of a yield of 10 gallons of 
tar per ton of coal, it may be seen that over 330,000,000 gallons of 
tar were lost in 1908 which might have been saved. As the actual 
production of coal tar both from coke ovens and gas houses amounted 
to about 101,000,000 gallons, it is evident that over three-fourths of 
our possible production of tar as a by-product was lost during that 
year. Ata valuation of 24 cents per gallon, this means a loss of over 


$8,000,000. With such an increase in production, however, the 


monetary value of coal tar would have dropped, so that this figure 


may be somewhat exaggerated. In any event, at a conservative — 
estimate, the tar lost each year from nonrecovery coke ovens is 


sufficient to-build 9,000 miles of tar macadam road 15 feet wide. 
This estimate was based on data taken from reports of the United 

States Geological Survey. In a later report by Parker,! it is shown 

that over 53,000,000 tons of coal were consumed in beehive ovens in 


1910, so that on the same basis it would appear that over 530,000,000 


gallons of tar were lost during that year. The output of tar from by- 
product coke ovens, however, has also continued to increase, as 
shown by the following figures taken from this report: 


Tar obtained from by-product coke ovens. 


Gallons. 
1008 Hecee hee a es 42,720, 609 
TOO eet Stet eee Nae ae ee ee 60, 126, 006 
W910 eee ae oe 66, 303, 214 


The tar thus produced in 1910 was valued at $1,599,453, or about 
2.4 cents per gallon. It is evident, therefore, that the value of the 
tar lost during that year by the use of beehive ovens amounted to 


approximately $12,000,000. That the use of by-product ovens is — 


increasing in greater proportion than the use of the beehive oven is 
shown by the fact that for the former type the increase in 1910 over 
1909 in tons of coke produced was 14.13 per cent, while the production 
from beehive ovens increased by only 4.57 per cent. Parker adds, 
however: 


While noteworthy progress has been made in the substitution of modern retort-oven 
practice for the wasteful and what should be obsolete beehive or partial-combustion 


method of coke making in the United States, this country is still much behind European — 


countries in this regard. 
He says further: 


The yield of coal in coke in retort ovens exceeds that obtained in beehive or other 


partial-combustion ovens by about 15 per cent, and generally the quality of the coke — 


is improved. 


Se on = = ES 


1 The Manufacture of Coke in 1910, United States Geological Survey. 
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In order to determine the character of coke-oven tars at present 
_ being produced in the United States, it was first necessary to obtain 
samples from all of the known plants, and for this purpose reference 
was made to a list of by-product and retort coke-oven plants of the 
United States and Canada (Jan. 1, 1910), which was kindly loaned to 
the author by Mr. Parker in advance of its publication.! Letters 
were then written to each plant asking for the following information: 





(1) a. At what maximum temperature are your retorts fired in your 
In your ovens? 
6b. What is the maximum fem perature to which the charge of coal is brought in your 
ovens? In your ——— ovens? 
(2) What is the specific gravity of your crude tar in your 
ovens? 

(3) What percentage of free carbon is found in your crude tar from your — 
From your ovens? 

(4) Will you furnish us for examination a 1-gallon sample of your crude tar from 
your ovens? From your - ovens? To be sent at our expense. 


ovens? 











ovens? In your 





ovens? 














Very courteous replies were received from the manufacturers, and in 
practically every case samples of tar were also forwarded. The blanks 
in these questions were filled out by inserting the names of the type or 
types of ovens operated by the manufacturer to whom they were sent. 
It was found that, where two types of ovens were operated at the same 
plant, no attempt was made to separate the tar, and the entire output 
was run into a common well. In such cases the sample of tar sub- 
mitted was a mixture obtained from both ovens. The report of these 
samples is given at the bottom of Table I. 

The questions concerning temperature were asked because criticism 
from an authoritative source had been received with regard to a state- 
ment made by the author in a former publication? to the effect that 
in the production of tar from by-product coke ovens “‘ carbonization is 
conducted at a lower temperature than in the manufacture of coal gas. 
The resulting tar, therefore, contains a smaller amount of free carbon, 
averaging from 3 to 10 per cent * * *.” But little reliable infor- 
mation on this subject could be obtained from published literature, 
although the opinion seemed to prevail that carbonization in me 
product coke ovens is conducted at a lower temperature than in mod- 
ern gas-house practice. Thus, according to Lunge,* ‘‘ Hilgenstock 
(J. Gasbeleucht., 1902, 617) attributes the notorious difference be- 
tween gas-tar and coke-oven tar with respect of their contents of free 
carbon and other products of pyrogenetic decomposition to the fact 
that in coke ovens the escaping vapors do not attain temperatures 
above 600°C., and that they are, moreover, protected against decompo- 
sition by the dilution of the heavy vapors, slowly given off from the 





1 Mineral Resources of the United States, 1909, Part IT, pp. 240-242, United States Geological Survey. 
2 Circular 93, Office of Public Roads, U.S. Department of Agriculture, p. 9. 
3 Coal Tar and Ammonia, 4th ed., part 1, p. 23, Van Nostrand. 













































6 COKE-OVEN TARS OF THE UNITED STATES. 
TABLE 1.— Analyses of crude coke-oven tars 
General information. Answers to questions. 
| 
Serial | Maximum | Maximum Specific | Per cent 
No. ‘ ‘abba ts Type of | temperature bere gravit of free 
Company and Jocatan. oven. of firing | \yich coal| Of crude | carbon 
retorts. is brought. tar. in tar. 
| 
| 
5126 | Solvay Process Co., Syracuse, N. Y..} Semet-Sol-| 1050-1450° C.} 950-1150°C.| 1. 12-1. 21 3-12 
vay. 
5123 | Semet-Solvay Co., Pennsylvania |..... 1 Fee. 1050-1450° C.| 950-1150°C.| 1.12-1. 21 3-1 
Steel Co., Steelion, Pa. ? . ‘ 
5124 spss ay tt ‘National TODO GW. -- do.....| 1050-1450° C.| 950-1150°C.| 1,12-1. 21 3-1 
Co enwoo 
5137 Semet-Solvay Co., Milwaukee Coke |..... do.....| 1050-1450° C.| 950-1150°C.| 1.12-1. 21 3-1 
& Gas Co., Milwaukee, Wis. - 
5121 | Semet-Solvay Co. ‘a Pennsylvania Bes 28 do.....} 1050-1450° C.} 950-1150° C.| 1.12-1. 21 3-1 
Steel Co., Lebanon, Pa. 
5125 | By-Products Coke Corporation, |...-.. do.....| 1050-1450° C.}| 950-1150° C.| 1. 12-1. 21 3-1 
Per | ‘ South Chicago, Il. f > a 
emet-Solvay Co., Detroit, Mich.....}...-. do.....| 1050-1450° C.| 950-1150° C.| 1.12-1. 21 3-1 
5200 pipe a / Empire Coke Cd. |. -2.. ts seemed 1050-1450° C.} 950-1150° C.| 1, 12-1. 21 3-1 
Geneva P 
5189 Semet-Solvay Co., Dunbar Furnace |..... do.....| 1050-1450° C.) 950-1150 C°.| 1. 12-1. 21 3-1 
Co., Dunbar, Pa. 
5150 Semet-Solvay Co., Central Iron & }..... do.. 12507 Ceca ae TIS02 Caer Tana 5.7 
Coal Co., Tuscaloosa, Ala, ; 
Philadelphia Suburban Gas « Elec- ° °C sit 
5074 { trie Co., Chester, Pa. Nein gay 1050" Cr. #>s 10007 Ge53 ey (20°) seeeeeees 
5081 pecuelisoluay Co., Ensley, Ala...... doi; 3--} 12607 Ge ae-- 1150° C.. -{ as" c. 3} 
5095 | The New England Gas & Coke Co., “Otto Hofi- |}? 11007 62 22. IOs Cae S-1 
Ey eiine ne 1 Co., Lack ae 000° C 1000° C.. 
ackawanna Steel Co., Lackawanna eh See +9 
5083 { Iron & Steel Co., Lebanon, Pa. -.do....-}{(r800° #7). ‘| (1800° F.). “} 1.10, 16-24) 
5159 | Dominion Tar & Chemical Co., Syd-Si-s es Olas (2 (2) 1.170 10-15 
| ney, Nova Scotia. ete ate 
; ‘iia te oa et tele Cees ateries! é 6 16. ¢ 
5107 {Ohio Otto Coke Co., Hamilton, |..... d6..7-2 {(o000° F.)...| (2000° F.). ¥ 1.14 16 
| United |f1666° C...... 1444° ri): 
5086 Carnegie Steel Co., South Sharon, Pa.i{ oe {(3000° #22] (00° F 1.2/7. 09-10. 
5078 | YMaegiand Steel Co.,Sparrows Point, | __ Aol {acon ; CON} $1.19 38-1 | 
} 0 | 
5087 | Citizens’ Gas Co., Indianapolis, Ind..}..... GO:%:.; {05500 1). ae 1.14-1. ‘ 4- 
Pittsburg Gas & Coke Co., The | ane 
5109 beg Coke & Gas Co., Glassport, |}... tb ea (?) | 8c 16. 59 
| ® | (1222-1277° C. 
5122 | Zenith Furnace Co., Duluth, Minn .)..... Ose. me ) 2300° / (2) (2) (2) 
Side’ Mtn ; 1f1444° C......) 1388° C.. | 
5188 ae ee fetes getiey Koppers -.. 2600" a. Jes (3500" #) Apes 12-15 | 
inois Steel Co., Indiana Steel Co., ° 174), 
5404 { Gary, Ind. ae - ao: . 1100 C were { ce ihe 169 4. 35 
Orman. K(asooe F.)...) c1s00° F). 1, 20-2, 30 7-9 | 
P Fn nign man, : ; 5 -)-| (1. 20-1. ~ .| 
5108 Camden Coke Co., Camden, N. J..... United |/1222°C...... 055° OC... ./f 8 (1. 221) 5 (7.3) | 
| Otto. (2200° F.)...| (1900° F.). | 
| Otto Hoff- {(5000°1 aia are 1 1111° LOE: 
5127 | Cambria Steel Co., Johnstown, Pa...) Junited fine co anne. | 1.12 At} 
| Otto (2000° F. ( .). 
(United {71900° 1 eee 1 *C.... 
5089 Lackawanna Steel Co., Buffalo, N.Y. 4 Otto. MIAME). --) CRO ge) 1.16 16-24 
| Rothberg - (180° F.).. | (1800° F ) 


I Pa piroxtnneany. 
2 No information. 
3 Varies with coal. 
4 With H20O. 

5 At present. 

6 Variable. 

? Trace. 





Coal with 28 per cent of volatile matter used. 





8 Trace of solids. 

§ Distillate, solid. 

10 Distillate, one-fourth solid. 

il Distillate, nine-tenths solid. 
12 Distillate, three-fourths solid. 
13 Distillate, eight-ninths solid. 
14 Distillate, one-half solid. 
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Distillation results. 


























wes Per Light oils} Middle Heavy Heavy Se- 
miepe- | Per cent Water. up to | oils, 110°-| oils, 170°- | oils, 270°- Pitch. rial 
| eifie | cent | Per |soluble 110° C. 170° C. 270° C. 315°C, eae 
_|gravity| offree| cent | in CSg, | —] —— J A _)§ |} — |} —_ : 
 |oftar,| car- jofash.jinclud-|— | |b |m& b b> a bh b ral ba b 
0. |2E|85/88/85/25/85| 28/85/28 85/28/85 
o5|/o%!]o @ Of | o 2M! o5 10.00) o o.oo) oO @ oo 
ors oo ax CO® oie So ci On sae ie) aa 128) 
SEPP ee eRe re pgril ye | eel ee lye Lee hee 
o AY = a a = Ay = Ay — C4 Ay 
7.76; 0.12) 92.12) 1.0) 0.8/80.3] 0.3) 0.8] 0.7/ 1213.1) 11.5) 198.2) 7.3/% 76.6) 79.1) 5126 


8.77 07; 91.16). 1.0) .8| 4) .3) 92.0) 1.7) 914.0) 12.3) 7.9) 6.9)2674.7| 77.6, 5123 
7.14 -04, 92.82) 1.1) 1.0} 1. Leis eye 6 14.9) 13. 2/21 11.9] 10. 6/27 69. 5| 73.1) 5124 


9 
6. 10 -05| 93.85) 1.8) 1.5] 1.4) 1.2) .8) .6/18 21.1) 18.9) 95.5) 4.9/25 69.4] 72.5; 5137 
6 

















4.71 06, 95.23) 6 .5] 1.6] 1.3) .8) .6)!417.5] 15.5] 199.4) 8. 4/25 70.1] 73.7] 5121 
7.49 03} 92. 48} (7) | (7) .44  . 3/12 1.1) =. 9/15 23.6] 20.7) 99.8) 8.9/7 65.1] 68.9) 5125 
6. 56 -11) 93.33) 6.9] 5.9/92.8) 2.3] 9.4) .3/12 14.6! 13.0) 86.9] 5.7/6 68.4! 72.0) 5128 
6. 07 .08} 93.85, 4.0} 3.4] 2.6) 2.1) .6) .5)10 17.6] 15. 5/22 11.4! 10. 4/27 63.8) 67.7) 5200 
8.85, .02) 91.13) 2.0) 1.7) 1.7] 1.4) .2)  .2)16 20.0] 17.8) 26.5) 5.7/2 69.6} 73:1) 5189 
5. 05 .02| 94.93) 3.21 2.8] 2.4) 1.91 .3) .3) 18.6) 16.3) 107.5] 6.8)27 68.0 71.5) 5160 
3. 96 05} 95.99) 9.3] 2.0). 2.3] 1.3] 1.2] ~.8] 22.8) 19. 5/18 13.6) 12.5) 57.8] 62.6). 5074 
6. 90 -06} 93.04 3.3) 2.8181.4| 1.0} .2| .2/17 16.5) 14.1) 149.3] 8.2)27 69.3) 73.2) 5081 
13. 94 .00| 86.06) 2.2] 2.0] 2.9) 2.31 .6) .5} 23.5) 20.4)17 15.6) 14. 4)27 55.2) 59.7) 5095 
14.05 .13} 85.82) 5.4] 4.4/91.4] 1.4 aa .1/. 13.0! 10.9] 229.4} 8.1)2* 70.7] 74.6 5083 
10. 81 .05| 89.14) 3.9) 2.8 1.91 1.5] .6) .5! 27.2) 24.2) 197.3) 6.7/2 59.8) 63.5) 5159 





8.37,  .06| 91.57) 3.41 3.0] 3.1] 2.5] .7| .6| 27.9) 24.4) 193.8] 3.5)27 61.1] 64.9) 5107 








4/16 12.1) 10. 2/19 11.0) 9.7) 73.7) 77.5) 5086 








7.89 -03; 92.08) 1.0) 1.0)91.6) 1.2) 9.6 

8. 49 -03;} 91.48) 1.6 1.3) 1.3 saat, 412 17,2) 15.1) 229.6] 8. 5}°8 69.7) 73.2) 5078 
5. 21 -O7| 94.72) 1.2) 1.1) 1.1) .9) 1.4) 1.3] 23.9) 21. 4/10 11.6) 10. 4/27 60. 8) 64.7) 5087 
10. 53 04 89.43) 1.1) 1.0) 1.1) .9| 5) .4)8 26.9) 23.6) 146.9) 6. 3/27 63. 5) 67.6) 5109 





12.18 .05) 87.77; 3.6, 3.0} 1.7) 1.3) .4)  .3)2218.1) 15.9)1912. 5) 11. 1/27 63. 7| 67.8) 5122 


3. 89 -06 . 96.05) 1.9} 1.6/91.7| 1.2) 9.2)  .2/9 20.0) 18.0)! 13. 4) 12. 0/26 62.8 66.3) 5188 
2.73 .04| 97.23) 3.5} 3.0/91.3) 1.0) 9.4}  .3}9 20.6) 18.5] 97.1) 6.5/6 67.1) 70.2) 5404 


¢ 


11. 30 .06 88.64 2.2) 1.9) 1.8] 1.4] .6} .5)!420.5) 18.2) 238.5) 7.5)% 66.4) 70.1) 5108 








12. 40 .16| 87.44) 10.1} 8.3}93.1) 2.3) 9.3] .2| 97.1) 6.1) 127.4) 6.9/6 72.0) 74.8) 5127 








16. 80 .00, 83.20) 2.7) 2.2} ©.5) .3)992.2] 1.7/911.7) 9. 9/2411. 8] 10. 2/2 71.1) 75.0) 5089 


| 











15 Distillate, two-thirds solid. 22 Distillate, two-fifths solid. 
z 16 Distillate, four-fifths solid. %3 Distillate, one-seventh solid. 
17 Distillate, seven-eighths solid. 4 Distillate, three-fifths solid. 
—, 18 Distillate, one-ninth solid. % Pitch, soft and sticky. 
fa 19 Distillate, one-third solid. 26 Pitch, very soft and sticky. 
: 20 Distillate, one-sixth solid. 27 Pitch, hard and brittle. 


\ b 2 Distillate, one-fifth solid. % Pitch, plastic. 
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interior of the coal block, with the fire-resisting gases escaping at the 
same time from the outer zone of the block. On the other hand, in 
the case of gas retorts, the heavy vapors escape at once undiluted 
by the fire-resisting gases which are set free afterwards, and the 
heavy gases are thus exposed to the white heat of the upper part of 
the retort.” 

Answers given by the manufacturers with respect to this question 
indicate only an approximate knowledge. In general it may be said 
that carbonization below 970° C. is considered low temperature; from 
970° C. to 1,100° C., medium temperature; and from 1,100° C. to 
1,540° C. high temperature; and that modern gas-house practice 
involves the use of high temperatures. However this may be, it is 
not the purpose of this circular to compare coke-oven tars with gas- 
house tars, but to consider the former with relation to their utility 
as road materials. | 

From a total of 31 manufacturers to whom the questions were sub- 
mitted 30 replies were received, but 4 of these reported their plants 
as not in operation. The remaining 26 furnished samples of their 
crude tar for examination and answered the questions in so far as 
they were able. Upon receipt of each sample the entire contents of 
the package were thoroughly mixed and a representative sample 
taken for analysis. The results of these analyses, together with the 
information furnished by the manufacturers, are given in Table I. 
In this table the different tars are grouped according to the type of 
oven in which they were produced. . 

In columns 4 and 5 all temperatures are expressed in degrees 
Centigrade, although where the manufacturers gave the temperatures 
in degrees Fahrenheit their statements are shown in parentheses. 
In column 5 it will be noticed that statements relative to the maxi- 
mum temperature to which the coal is brought during distillation 
indicate that two of the plants run below 970° C., that a total of 
22 run not over 1,150° C., that 9 run from 950° C. to 1,150° C., and 
that only 5 run above 1,150°C. The maximum temperature of 
firmg the retorts is, however, reported in most cases as being higher 
than the maximum temperature to which the coal is brought. . 

The maximum percentage of free carbon reported is from 16 to 24 | 
per cent, but 17 manufacturers reported the maximum percentage of 
free carbon as being 12 per cent or under, and only 4 as 16 per cent 
or over. 

Analyses of the samples received were made in accordance with the 
methods described in a former publication ' of the office. The work 
consisted in determining the specific gravity, free carbon, or organic 
matter insoluble in ¢. p. carbon disulphide upon a 15-minute digestion 
at room temperature, material soluble in carbon disulphide, percent- 
age of ash, and percentage of different fractions obtained by distilling 
a 250 c. c. sample in a 750 c. c. tubulated glass retort with the ther- 
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; io 
- mometer so aed that the top of the bulb was level with the bottom 
oi the juncture of the stem and body of the retort. 

It will be noted that the gravities of the samples examined range 


a, 1.133 to 1.214 and that the great majority are lower than 1.200. 


_ ‘This in itself indicates low percentages of free carbon. The mini- 


mum percentage of free carbon was 2.73, the maximum 16.80, and the 
average for the 26 samples 8.38. Bichteen samples contained less 
than 10 per cent of free carbon and 8 more than 10 per cent. About 
two-thirds of these products might, therefore, be considered as low- 
carbon tars and the otner third as medium-carbon tars. The amount 
of ash in no case exceeded 0.16 per cent, and in most cases it was 
practically nil. This is, of course, also true of practically all gas- 
house coal tars. The percentage of water present varied from a 
trace to 10.1 per cent by volume, but in only 3 instances did it exceed 
5 percent. Water is a variable, depending upon a number of condi- 
tions, and, as it is not a part of the true tar, has been eliminated 


in Table II. Before leaving Table I, however, it is of interest to note 


that 14 of the pitch residues, remaining after distillation had been 
carried to 315° C., were either soft or plastic—-a condition which has 
seldom been noticed by the author in the distillation of gas-house 
-eoal tars. The amount of solids which crystallized or precipitated 
out of the different fractions was found to vary greatly, as shown 
im the foot-notes to Table I. 


TABLE I].—Analysis of coke-oven tars upon a water-free basis. 























Fractions by weight. 
Serial g 7 ware 
sp Pype of oven. free car- | Percent- | Percent- | Percent-| Percent- | Percent- 
roe bon. ageup | agefrom}agefrom | agefrom | age of 
to 110°C. |110-170° C.}170-270°C.)270-315°C.| pitch. 
meen pp oemet-Solvay....----.---..-.-.- 7.82 0. 30 0. 70 11. 59 7.35 79. 73 
GE23 |... 2. aE EE US SSE ee ae ee 8. 84 . 30 mvel 12. 39 6.95 78. 22 
‘302 4. oe eee © Bs See aes Seep 7.21 1. 55 . 60 13. 33 10. 70 73. 83 
Se 1 oN ae Bee 9 hey Sle, Se ee 6.19 1. 21 . 60 19.18 4.97 73. 69 
74 a ee (0s. jE SG eee ee 4.7 1.30 60 15. 57 8. 44 74. 07 
5125 |..... MM Ee S00 eck eset 7.49 30 90 20. 70 8. 90 68. 90 
ly a SANE: GRR ees eee 6.97 2.44 31 13. $1 6. 05 76. 51 
Jo (ns SL See ea ak eaten 6. 28 2.17 ini 16. 04 10. 76 70. 08 
BLSO jos. - “TL 5 Sa See Sm ce 9. 00 1. 42 20 18. 10 5. 79 74. 36 
5160 j...-. Seer ide ce Fe Sf os 2's 5.19 1.95 30 16. 76 6. 99 73. 55 
LL) ea os 5 Ska ae eee 4. 04 1. 32 81 19. 89 12. 75 63. 87 
iP a ee 7. 09 1. 02 20 14. 50 8. 43 75. 30 
5095 | Otto eroitman Pi ae an RS eer na 14, 22 2. 34 51 20. 81 14. 69 60. 91 
Betis SETER ere. eure eb! Sit oles J, 14. 69 1. 46 10 11. 40 8.47 78. 03 
5159 |..... OST ee a EE ree ae 11.12 1. 54 51 24. 89 6. 89 65. 32 
Ul EB Ge epee lle dee ea aaa 8. 62 2. 57 61 25.15 3. 60 66. 90 
emimeimined Otto... ....--.-..-.------ 7. 96 1,21 - 40 10. 30 9. 79 78. 28 
5078 |..... DE a ee ee ae 8. 60 91 - 40 15. 29 8. 61 74. 16 
oust |..... aS {US ae See 5. 26 91 Lal 21. 63 10. 51 65. 41 
M00 |W... Sa NC ase Emre 10. 63 90 .40 23. 83 6. 36 68. 28 
Dize |..... Cts a 1 oh 3 Sena iy. ieee ees iad 12. 55 1. 34 30 16. 39 11. 44 69. 89 
0 ES i 3.95 1.21 20 18. 29 12.19 67. 37 
5404 |..... OD 0 ae eae re A a 81 1. 03 . 30 19. 07 6. 70 72. 37 
5108 | Otto Hofiman and United Otto.. LL. 5) 1. 42 . 50 18. 55 7. 64 71.45 
6 oa SESS Snir oon ~ wh wn 3. 52 2. 50 21 6. 65 7. 52 81. 57 
5089 | United Otto and Beaieberg «doth aa: 17.17 . 30 1.73 10. 12 10. 42 | 76. 68 








The results given in Table II are calculated upon a water-free 
basis—i. e., the percentages are expressed in terms of the actual tar 
exclusive of water. Considering these products according to type, 
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it will be seen that the tar produced by the Koppers ovens contains — 
the lowest percentage of free carbon, the Semet-Solvay tars the 
next lowest, the United Otto next, the Otto Hoffman next, and 
the mixed tar from the United Otto and Rothberg ovens contains — 
the highest percentage of free carbon. For the sake of comparison __ 
-the minimum, maximum, and average percentages of free carbon sy 
for each of these types are shown in Table III. : 


TaBueE II1.—Percentage of free carbon in coke-oven tars. 


[ Water-free basis. ] 


Percentage of free carbon. 





Type of oven. . 
Minimum. |Maximum.| Average. — 
K.gpperss. 23% 2% Bes eee. pe RSL peACL IEEE ES MOSER ect ge eee 2. 81 3.95 ‘3.38 “35 
Semet-Solvay......-.--.--- ES Fe ESS ae EOE Selon oe 4, 04 9. 00 6.74 
UnitedtO nto ls ei 2 eter es See oa Se card Boalt. Sas Seer 5. 26 12. 55 9.00 
Ofte Hollman <2 Sogo tis was tebe is boast cee = oe le ee 8. 62 14. 69 12.16.53 
Otto Hoffmanand United Otto (mixed): i227 5/2 22 Ssh Cee ee ee 11.51 13. 52 12°55 I 
Unifed-Otto and Rothberg (mixed) ye a eee abr eal, 17.17 17. 17 4 





The percentages of various fractions for the different types of 
tars overlap to such an extent that no detailed comparison will 
be made. The maximum, minimum, and average total distillates _ 
to 315°C. for the different types are, however, given in Table IV. 


TABLE IV.—Percentage by volume of total distillate to 315° C. in coke-oven tars. 


[Water-free basis. ] f 





Percentage by volume. 
Type of oven. : 
Minimum. | Maximum.| Average. 





— |S | n 


IK ODDS epee eis oka Ste a oop eee oo ee Rae eet eee 30.5 36. 


0 33.3 
Bemer-Solvay.ents $52 a4 ok nl SR So ene es a ees 22. 6 40.8 29.9 
NI LER-O CLO ss tere | ~, Scke ek ae ce ee «eee ee a eee ae 25. 6 38.5 32.6 9 
Otte Hottman<)- 7 2 Bi Sw ee ee eae sere ce 25.3 43.6 36.0 
Otto Hoffman and United Otto (mixed)......-- ote, Ge Pa ee is 19.9 32.1 260-28 
Wnited Otto and Rothberg (mixed). 22 sage. ee See oe Ase 26.9 26.9 26.9 


ee 


From this Table it is evident that wide variations exist in the 
relation of total distillate to pitch residue in the coke-oven tars 
produced in this country, and this is even true of different tars — 
produced by the same type of oven. — . 

Straight coal-tar road binders or refined coal tars are usually — 
manufactured by subjecting the crude material to a process of dis- — 
tillation with or without steam or air agitation. Distillation is — 
carried to the point at which the residuum remaining in the still has — 
obtained the desired consistency at normal temperatures, and this — 
involves the removal of certain of the more volatile oils present in _ 
the crude material. For use in construction work a soft and almost — 
fluid pitch is often produced, and the consistency of this pitch is — 
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4 3 controlled by means of a melting point or float test. When the 
-_ erude tar runs abnormally high in free carbon, it is sometimes mixed 
with crude water-gas tar before distillation. Water-gas tar con- 
| tains a very low percentage of free carbon, and by properly propor- 
\® tioning the two a product is obtained, upon distillation, which 
does not carry more than the maximum limit of free carbon set by 
manufacturers. What the maximum limit should be is a much 
~ mooted question among those who have given thought to this mat- 
ter. The governing considerations are: (1) What is the most econom- 
 ieal limit from the standpoint of manufacture? and (2) What is 
the proper limit with regard to the utilization of the product as a 
road material? For a number of reasons, which it is unnecessary 
_ to mention in this circular, an excessively high-carbon tar is difficult 
to distill properly and, with other things equal, the lower the per- 
centage of carbon the easier and shorter the distilling process. From 
this standpoint, therefore, by-product coke-oven tars are well adapted 
to the manufacture of road binders. Moreover, because of their 
low percentage of free carbon, they may be employed in a manner 
similar to water-gas tars, when it is desired to utilize a crude high- 
carbon tar in the production of a medium-carbon tar road binder. 
In an ordinary road tar for use in construction work where free 
carbon is present to the extent of about 20 per cent, the proportion 
of total distillate, below 315° C., to pitch residue is approximately 
/ 1to 4. Where this relation exists the pitch residue is hard and 
brittle. A residue which is soft or plastic is to be preferred, as 
it would indicate longer life during service, and where such a residue 
is present the proportion of distillate would naturally be lower 
_ for a given consistency, as the distillates may be considered as 
fluxes for the residues. If such is the case, it is evident from the 
foregoing tables that coke-oven tars offer a valuable source of supply 
_ for tar road binders. As an example, even the highest-carbon 
tar, No. 5089, if distilled to the point where the proportion of dis- 
_ tillate, below 315° C., to the pitch residue was as 1 to 4, would con- 
tain less than 19 per cent of free carbon, which is at present con- 
_ sidered as not excessive for a refined coal tar. 
In conclusion it may be said that indications point strongly to 
the fact that by-product coke ovens will eventually play a most 
important part in the road-material industry, and it is to be hoped 
that their general adoption in this country will be rapid. The 
future demand for economical bituminous road binders in the United 
States will undoubtedly exceed the supply, and this in spite of the 
| natural increase in petroleum and asphalt road binders. If such 
_ 1s the case, the present loss of enormous quantities of tar, to say 
_ nothing of gas and ammonia, because of the use of beehive ovens, 
is a matter worthy of the utmost consideration on the part of all 
__ who are interested in the conservation of our resources. 
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UniITrED STATES DEPARTMENT OF AGRICULTURE, 

Orrice or Pustic Roaps, __ 

Washington, D. C., April 3, 1912. 

Sir: I have the honor to transmit herewith a manuste of a cir 
cular prepared by this office entitled ‘Progress Reports of Exper 
ments in Dust Prevention and Road Preservation, 1911.” This i 
the sixth of a series of annual progress reports winan give details o: 
_ various experiments conducted by this office along the lines indicat 
by the title. Owing to the increasing interest that is manifested with 
regard to these publications, I recommend that this document 1 le 
_ issued as Circular No. 98. a 
Paut D. SARGENT, 

| Acting Director. 
Hon. JAMES WILSON, % 
Secretary of Agriculture. a 

2 ( i 





eaill iia 
ae nae 


a Ai rin on i 
—_e — ¢ 


ETE RT Si RS ye 





Introduction 





CONTENTS. 


erecersre eee ee eee eee ee ee ee eee ewe ee ee Ee ee Ce ee ee ewe ee weet eee tw 


navy: Chace; Mario JPost s 


¢ 


Section 1. 
Section 2. 
Section 3. 
Section 4. 
Section 5. 
Section 6. 
Section 7. 


Refined coal tar—Penetration method 


Fluxed native asphalt—Penetration method 
Gilsonite oil-asphalt—Penetration method 
Oil-asphalt—Penetration method 
Oil-asphalt—Penetration method 
Oil-asphalt—Penetration method 
_ Experiments on Bradley Lane, Chevy Chase, Md 


Experiment No. 1, sections Nos. 1, 2, and 3—Refined semiasphaltic oil... . 


Experiment No. 2, section No. 4—Molasses lime 
umerimenis at Jamaica, N. Y.....................--.- Sed. 2 OM 
Experiment No. 
Experiment No. 
Experiment No. 
Experiment No. 
Experiment No. 
Experiment No. 
Experiment No. 
Experiment No. 
Experiment No. 


14 


Experiments at Ithaca, 


Experiment No. 24. Section No. 29. Oil-asphalt—Mixing method 
Experiment No. 25. Section No. 25. Oil-asphalt—Mixing method 


2. Cut-back oil-asphalt—Mixing method 
3. Fluxed native asphalt—Mixing method 
4, Refined coal tar—Mixing method 
5. 
6 
7 
8 
9 


CPTTICETIOTIG COLCTOUCS oe re tere ENR lle OF LTE 


Cut-back oil-asphalt—Mixing method...............-- 


. Oil-asphalt—Penetration method.................---. 
. Refined coal tar—Penetration method 
. Fluxed native asphalt—Penetration method 
. Oil-asphalt—Penetration method..................... 


Nes 1G1 ds eer es tes Mh oT 


Experiment No. 26. Section No. 28. Refined asphaltic preparation— 


MELT 1 aioe eight Po. tars tdty hones s ehdiaicinie 2a «gre rersior! S$o'e4 
Experiment No. 27. Section No. 30. Refined coal tar—Penetration 
TO ee ee a gle oS aaa die wale'eiblemasice melanie ge 


Experiment No. 
Experiment No. 
Experiment No. 
Experiment No. 
Experiment No. 
Experiment No. 


Experiment No. 
Experiment No. 
Experiment No. 


Experiment No. 
Experiment No. 


Experiment No. 12 


‘Supplementary reports of experiments at Ithaca, N. Y., 1909 and 1910......-- 
. Refined coal tar—Penetration method.............---.- 
. Refined coal tar—Mixing method............---..--- 
. Artificial oil-asphalt—Mixing method.............--- 
. Artificial oil-asphalt—Mixing method.............--- 
. Refined semiasphaltic oils—Penetration method. ...-- 
. Semisolid 


refined semiasphaltic oil—Penetration 


-ss eee ee eeeeseeeeeeeeceeseeeeeeeeesee ee eee eee eee eee ee eee 


. Refined water-gas tar—Penetration method..........- 
. Refined semiasphaltic oil—Penetration method...---- 


. Refined water-gas tar and slag—Penetration method. - 


10. PTC IMAL Gyo ss 128 pain okie myn'ae we dc elcaeine 
Biavs ersneartn siag-—Lime ss.) oe te eee ee ees 


> Cement concrete. 


Bituminous surfaced...........--- 


Jl 


ol 
oo 
30 
30 
35 
30 
06 


36 
36 
36 
36 | 
36 
37 
37 


4 CONTENTS. 


Experiments at Ithaca, N. Y., 1909 and 1910—Continued. 
Experiment No. 13. Ash-cement concrete..........--...-........0s00nee 
Experiment No. 14. Brick...........5.- 00. oa 02 ste es 
Experiment No. 15. Oil-asphalt—Penetration method...................- 
Experiment No. 16. Refined asphaltic preparation—Penetration method. . 
Experiment No. 17. Oil-asphalt—Mixing method...............----.....- 
Experiment No. 18. Semisolid refined semiasphaltic oil—Mixing method. . 
Experiment No. 19. Aand B. Refined water-gas tar—Mixing method... .. 
Experiment No. 20. Oil-asphalt—Mixing method....................----- 
Experiment No. 21. Oil-asphalt—Prepared filler method..........-...... 
Experiment No. 22. Oil-asphalt—Prepared filler method................. 
Experiment No. 23. Asphalt block............ +5. ie -eee4/)-.<en | 
Supplementary report of experiments at New ae N. Y., Ridgewood, \N. J., 
and Washington, D. C., 1910... o.w~--% -t5-L 23 t.- f - nei: bere eter 
Experiments at New! York, .N. Vilsecn ety aati te) uktd oo Bay ee 
Experiments at Ridgewood, N..J-.3;.-:.--42-- ¢- ten 4h «ee 
Experiments at Washington, D. Cz....)...,. -,.,..j-.1.-=tl-- 2. 4-2. eee 
Supplementary report of experiments at Boise, Idaho, 1910............-....: \- 
Supplementary report of experiments at Ames, Iowa, 1910..........-..--..--- 
Supplementary report of experiments at Knoxville, Tenn., 1910......-.-...... 
Supplementary report of experiments at Youngstown, Ohio, 1909............- 
Experiments Nos. 1, 2, and 3—Blast-furnace slag.........-...-..-.....-- 
Experiment No. 4. Blast-furnace slag—Open-hearth slag screenings......- 
Experiment No. 5. Blast-furnace slag screenings and lime.......-...-:..-- 
Experiment No. 6. Blast-furnace slag and waste sulphite liquor prepara- 


Experiment No. 7. Blast-furnace slag and refined coke-oven tar-.......-- 
Supplementary report of experiments at Newton, Mass., 1908.............-.--- 
Supplementary report of experiments at Garden City, Dodge City, Bucklin, 

and Ford, Kamns., 1908: - fo 0) ~scsiapaje'3éea5F>.0sep 5 -faginys Eye cutee > = 

Experiment at Garden Oty... 029+. 4! eels nave et sys: -lev nie diel = Bg 

Experiment.at Dodge City: ..0% sons ne been - -4 bs trae else ae 

Experiment at Bucklin....-.........-:...--<,50)-.¥: - ei eee 

Experiment at) Ford oi sos 2..6d selon f0~ . 22% - 0% apielteo de 2 5 Oe 
Supplementary report of experiment at Independence, Kans., 1908....-....-- 
Supplementary report of experiment at Bowling Green, Ky., 1907....-.......- 















3 PROGRESS REPORTS OF EXPERIMENTS IN DUST PRE- 


VENTION AND ROAD PRESERVATION, 1911. 


INTRODUCTION. 


During the year 1911 the Office of Public Roads practically com- 
pleted the series of experimental sections at Ithaca, N. Y., and 
established a set of comparative tests at Chevy Chase, Md., and at 
Jamaica, N. Y. This circular contains the details of the methods 
pursued, together with the cost data and analyses of the materials 
used. The earlier work of the office along similar lines has been 
published in Circulars 47, 89, 90, 92, and 94, and the recent inspec- 


tions of this past work will be found under the general title of “Sup- 


plementary reports,’”’ following the descriptions of the 1911 work. 
EXPERIMENTS AT CHEVY CHASE, MD., 1911. 
TARS AND NATIVE AND OIL-ASPHALT PREPARATIONS. 


The work at Chevy Chase, Md., consisted of a series of compara- 
tive tests of bituminous binders now on the market, applied according 
to the specifications of the manufacturer. The road selected is an 
extension of Connecticut Avenue, Washington, D. C., and the work, 
which began at the District line at Chevy Chase Circle, extended 
through Chevy Chase to Bradley Lane, a distance of 3,300 feet. This 


_ road is subjected to a wide range of traffic, consisting of country and 


heavy automobile traffic during the entire year, and much hauling of 
materials of construction from the railroad station during the season 
favorable to building and development work. 

The middle 17 feet of the road are occupied by a double-track 
electric-car line. The road was built 19 feet wide from the outside 
rail on each side with a crown of three-eighths of an inch per foot for 
the first 10 feet and one-half inch per foot for the remaining 9 feet. 
A cobblestone gutter was laid adjoining the paving. The bitumen 
was applied by the penetration method and the characteristics of the 
materials used will be found in tables at the end of this article. 

The original roadway was built by dumping crushed stone and 
gravel into holes on the right of way as they developed under traffic 
until the depth of the stone finally varied from 2 inches to 14 inches 
on a micaceous clay subgrade. This stone was distributed so irregu- 
larly that only 140 cubic yards were saved for replacing. The old 
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roadway was spiked up with a steam roller, the surface broken withl | 
a plow drawn by a team, and excavation of the subgrade completed 4 
by hand. French drains 24 feet deep, immediately under the gutters — 
and along the car tracks, supplied underdrainage where required. — 
As the work was done late in the season surface ditches were dug | 
along the outside edge of the subgrade where there were no French — 
drains to facilitate Rabereas drainage during the construction. | 

The stone was laid and rolled in courses. The final depth of the | 
foundation course was 54 inches compacted, and that of the wearing | 
course was 24 inches compacted, except in certain places,» where 
other figures ne been given in the description of the individual | 
sections. The size of the stone varied according to specifications for _ 
the material, but the completed thickness of all the sections was _ 
approximately 8 inches of compacted material. It was supplied in — 
all commercial sizes at a cost of $1 per ton f. 0. b. cars at the Chevy 
Chase siding and was hauled to the work at an additional cost of 47. 
cents per ton. | 

The bitumen was asnated by the manufacturers and the freight — 
charges were included in the project. Application of the bitumen | 

was begun 2 feet from the outside rail to permit repairs to the car | 
track without disturbing the finished surface. The strip between | 
the car tracks and the bituminous work is water-bound macadam. — 
The bitumen was applied under the direction of a representative of — 
the manufacturer donating the binder and such minor variations | 
from the specifications as accurred were acceptable to the manu- | 
facturer. The sections are discussed in the order of their location | 
and the following tables show the general character of the bituminous d | 
binders used. 


TABLE 1.—Analyses of refined coal tars used at Chevy Chase, Md. 











Materials. Light. Heavy. 
WWYE OCS eM BRT 6 LC ee) RE AA COM NN Nee as bE RA NAN Rr Sec. NO. 2¢.-aoee Secs. 1 and 2. 
Specitio Braviby)25 °/25° Ol Je Ree Pe PURE Se 219 LT Bee 1.258. 
HOA tubeSt. (CLG) ccc etac cc's oars chet cere tie, Whale ievaecra ane live ant es 47 seconds... ..: 2 Sree pr 30 sec- 
) onds. 
Percent) or {ree Carbon ac. 'ee secs vase eee eee ee ne. Ee ene 23. 30s hetine eee 29.60. 
Per Per Per 


cent by | cent by | cent by 

















volume. | weight. | volume. 
Distillation: 
Wii lehocencitcesnctiet Sosr sce a occ Some Re ae ee eee 2 1.0 0.0 
Firstlicht oils fol LlOt C . oc nnninancegg tans tee --dheseed- pint 31.0 13 4.2 20 
ECON Lent Ols 1LLO” Cr—IYO Ga one cee eaten coins eer tures 5.7 .5 4.8 A 
Heavy, cls 70 in 2707 Oss Be once vo eae oie ee ae 6 20. 4 16.8 712.5 10.2 — 
MPORVVULISO 10> Kemal: ene ces He tae ee te er ee et eee 87.4 6.5 418.9 Ti55 
ParGhwesidues do acit.~ sere eee eee TS re PayckeAs el aks rok ih 9 69.3 74.3 977.6 81.4 } 
100. 0 99.8} 100.0 99.9 
1+ At 82°". 4 Solid. 7 One-third solid. 
2 At 50° C, 5 Turbid. 8 One-sixth solid. 


3 Clear. 6 Two-thirds solid. 9 Hard, dull, brittle. 








DUST PREVENTION AND ROAD PRESERVATION, 1911. 7 


TABLE 2.—Native and oil-asphalt products used at Chevy Chase, Md. 





Fluxed | Gilsonite . ; , 
: : 1 Oil- Oil- Oil- 
‘gioiesamen asphalt, senate asphalt. | asphalt. | asphalt. 


I Aa A Sec. 3. Sec. 4. See. 5. See. 6. See. 7. 





ENE stl eee a i 1. 058 0.974 0. 999 0. 989 0.973 

a ee eel EIS SR A ra I ie ah 46 52 74 47 90 
Penetration (5 seconds, 100 grams, 25° C. [mm.])....- 12.80 14. 60 7.30 9. 40 5.50 
Per cent of loss at 163° C., 5 hours (20 grams).......-.- 2.14 87 05 . 68 244 
Semen Or residue (MmM.).........-.---..5--.04--- 15.60 29.90 36.50 17,90 45.00 
Per cent of total bitumen insoluble in 86° B. paraffin 

nee Pe Oe ee ae 20. 78 21.13 24. 68 20. 10 26. 20 
Mme timed CarDON...... 2 lee 10. 64 7.79 13.53 8.36 10. 15 
Per cent of bitumen soluble in C8e...............-..- 94.51 99. 81 99. 46 99.59 99. 82 
meremmie matterinsoluble.’......25.......----+..---.- 1.00 .12 50 . 28 15 
i a eae a a a A 4. 49 07 04 a . 03 

100. 00 100. 00 100. 00 100. 00 100. 00 








1 Sticky, glossy surface. 3 Sticky, slightly mottled surface. 
2 Mottled surface. 4 Hard, fairly lustrous. 


Section No. 1.—REFINED CoAL TAR—PENETRATION METHOD. 


This section begins at the District line on the west side of Chevy 
Chase Circle. It is 513 feet long, of varying width, and contains 
1,581 square yards. 

The wearing course consisted of 3 inches of loose stone from 3 
inches to 1 inch in the largest dimension. After rolling lightly, an 
application of 1.8 gallons of heavy refined coal tar per square yard 


was made at temperatures varying from 200° F. to 300° F. Screen- 


ings from # inch to dust were thickly spread over the surface and 


_ the course was thoroughly rolled with a 10-ton standard type steam 
road roller. When the rolling was completed, all loose screenings 


were carefully swept into heaps with rattan hand brooms and removed. 
A second application of the tar of 0.8 gallon per square yard was then 
applied, and this in turn was covered with screenings similar to those 
used before. The road was then rolled until compacted. 

The tar was supplied from a local plant in tank wagons heated and 
ready for application. The tank wagon was connected to the roller 


by a steam hose and the bitumen was applied to the road surface 


through a nozzle under pressure. Besides the roller man, two men 
were required to apply the bitumen. 


Section No. 2.—REFINED Coat TAR—MopIFIED GLADWELL METHOD. 


This section is 373 feet long and contains 705 square yards of 
treated surface. The essential difference in type between this and 
section 1 lies in the fact that a cushion of Potomac River sand 1 inch 


thick was spread evenly over the foundation course and given an 


application of 1.18 gallons of the light refined coal tar per square 
yard. After absorption of the tar by the sand, the wearing course 
of from 3-inch to 1-inch stone, 3 inches thick before compacting, 


say 
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was spread and the surface completed as in section 1. An aver 
of 1.95 gallons of the heavy tar per square yard was applied ni th 
second coat, and 1.02 gallons per square yard as the seal coat. 
construction was varied in that the wearing course of stone was V 
thoroughly compacted, so that all low spots were ipa 
brought to grade before applying the tar. As a consequence of tl 
the surface on section 2 Dieaeule a more even appearance than the 
section 1. 

These sections were surfaced between October 15 and October 3 
1911, and of this time there were five days on which rain fell andi 
on een the mornings were very foggy. The maximum tem 
ture at 3 p. m. was 63° F., the minimum 44° F., and the mean . 
p.m. for the period was 50° F, , with the wind generally from a nortl 
erly direction. 


yh ‘4 


Srotion No. 3.—FLuxep Native ASPHALT—PENETRATION METHOD. 


This section adjoins section 2 on the north. It extends from st 
tion 4-++98 to station 13 +21 on the west side of Connecticut Acvetit 
and comprises 1,555 square yards. a: 

The wearing course consisted of crushed hard limestone from £ 
inches to 1 inch in size, spread 3 inches thick before being compacted | 

The bitumen was applied by means of hand-pouring pots, afte J 
having been heated to a temperature of from 340° to 360° ie | 
100-gallon kettles. 

The first application of asphalt was made after the wearmg cou! 
had been thoroughly compacted with a 10-ton road roller. It cons 
of an average of 1.46 gallons per square yard. Chips ranging in 
from } inch to } inch were applied and the surface was rolled, afte 
which all excess of chips was removed by sweeping with rattan han 
brooms. A seal coat of 0.5 gallon per square yard was then applie 
covered with screenings as above, and rolled. The total amount ¢ 
screenings applied was approximately 1 cubic yard to each 36 squa 
yards of surface. Owing to a slight shortage in bitumen some of the 
refined semiasphaltic oil used on Bradley Lane was applied as a se 
coat over the entire width of the roadway from station 4+98 
station 5+13 and over a width of 3 feet along the gutter or out 
edge of the pavement from station 5+13 to station 6 +63. 

This section was surfaced from November 15 to November 18, 191 
inclusive, when the weather was particularly cold and raw, th oug 
fair. The maximum temperature at 3 p.m. was 55° F., the min: im 
44° ,, and the mean 47° F. The wind was generally from the nort 
Owing to heavy rains just preceding the application of bit men t 
this section, it was necessary to dry all the screenings in drying p 
to insure satisfactory results. 
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Srction No. 4.—GmsonitE OIml-ASPHALT—PENETRATION METHOD. 


Section 4 adjoins section 3 on the north. It extends from station 
13421 to station 21444 and comprises 1,555 square yards of sur- 


faced roadway, 

The wearing course of pene consisted of particles ranging in size 
from 2 inches to 1 inch in diameter, spread to a depth of 3 inches 
before compacting. This was rolled lightly before the application of 
bitumen, which was poured by hand in two courses, as in the case of 


section 3. The first application consisted of 1.65 gallons and the 


second of 0.55 gallon per square yard. Screenings were spread spar- 
ingly after the first application, and brooming before applying the 
seal coat was considered unnecessary. The total application of 


screenings amounted to approximately 1 cubic yard to each 48 square 


yards of paving. From station 13 +21 to station 17 +35 chips vary- 
ing in size from ? inch to } inch were used, while over the remainder 
of the section screenings ranging in size from ? inch to dust were used. 
Upon completion the section was rolled with a 3-ton tandem roller. 

This section was surfaced from November 3 to November 8, 1911, 
inclusive, and during this time the weather was cloudy and damp. 
Northerly winds predominated. The maximum temperature at 3 
p- m. was 68° F., minimum 45° F., and mean 54° F. The screenings 


for this work, however, were not heated and dried. 


Section No. 5.—O1mL-ASPHALT—PENETRATION METHOD. 


This section lies on both sides of the car tracks. On the west it 
extends from station 21 +44 to station 25 +82 and on the east from 
station 22+01 to station 25+82. It comprises 1,447 square yards 
of finished pavement. ; 

The stone of the wearing course consisted of limestone crushed to 
sizes ranging from 2 inches to 1 inch in diameter, spread 3 inches 


thick before compression. It was thoroughly compacted before the 


application of the binder. The binder was heated to temperatures 


varying from 330° F. to 360° F., and applied by hand-pouring pots 


as in the case of section 3. The first application was at the rate of 
1.69 gallons per square yard. Chips from ? inch to 4 inch in diameter 
were then spread sparingly over this course of bitumen and the sur- 
face was thoroughly rolled. Brooming was considered unnecessary, 
and the second application of 0.56 gallon per square yard was poured, 
and was followed by chips from ? inch to } inch in size. The sur- 
face was then rolled until firm and smooth with a standard type 10- 


~ ton road roller. 


This bitumen was applied between November 27 and December 2, 
1911, and during this time heavy rainfalls prevented continuous 
work. The weather at the time of application was cloudy and cold, 

62450°—12——2 
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with a maximum temperature at 3 p. m. of 56° F., a minimum 
of 37° F., and a mean of 47° F. ‘The prevailing eines was from the e 
north. : 
All chips used on this section were heated and dried. They were 
applied at the rate of approximately 1 cubic yard to each 48 square 
yards of surface. ; 


Section No. 6.—Om-ASPHALT—PENETRATION METHOD. 


This section extends from station 25+82 to station 30+20. It 
lies on both sides of the car tracks and comprises 1,555 square yards. 
The wearing course consisted of limestone crushed to sizes ranging © 
from 3 inches to 1 inch, spread to a depth of 34 inches before com-_ 
pacting, and Wace rolled before the application of the bitumen. — 
' The bitumen was applied by means of hand-pouring pots as in © 
the preceding cases and the first application amounted on the average — 
to 1.56 gallons per square yard. Immediately following this appli- 
cation, the roadway was covered with a coating of chips from ?-inch ~ 
to 4 inch in size and rolled, after which it was thoroughly swept with — 
rattan hand brooms. An application of 0.53 gallon of a harder grade 
of the same material was then made and this in turn was covered — 
with chips and rolled. The screenings were spread to such thickness — 
that 1 cubic yard covered approximately 30 square yards of surface. | 
All the screenings for this work were heated and dried. 

This section was surfaced from November 21 to November 23, 1911, 
while the weather was fair but cold. The maximum temperature 
at 3 p. m. was 50° F., minimum 41° F., and mean 45° F., with a preg 
vailing northerly siti 


Section No. 7.—Om-ASPHALT—PENETRATION METHOD. 


This section lies on the east side of the car tracks. It extends 
from station 16+83 to station 22+01. It is made up of two dis- 
tinct tests, the first of which consisted of a one-coat application 
extending from station 16+83 to station 21+32, and the second of a 
two-coat application from station 21+32 to station 22+01. a 
_ The wearing course of stone was identical in both tests. It con- 
sisted of a layer of stone ranging from 1 inch to 24 inches in size and 
spread to a depth of 34 inches before compacting. . 

The application of the bitumen in two courses was similar to that 
of the preceding sections. The first application was made at the 
rate of 1.66 gallons per squat yard and the second at 0.6 gallon per 
square yard. Chips from # inch to 4 inch in size were used sparingly 
between the two courses and brooming was considered unnecessary. 

In the case of the one-coat test a small amount of stone chips, 
ranging from 1 inch to 4 inch, were spread over the surface of the 
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wearing course of stone after it had been thoroughly compacted, for 


the purpose of partially fillmg the coarse surface interstices and 
leaving the surface free from the larger irregularities due to the 


coarse stone. The hot oil-asphalt was then poured evenly over this 


surface at the rate of 1.86 gallons per square yard and followed by a 
layer of chips ranging from # inch to } inch. The section was rolled 
until there was no further evidence of compressibility. The total 


amount of chips used was approximately 1 cubic yard to 48 square 


__ yards of surface. The chips were dried before applying. 


This section was surfaced on December 2 and December 5, 1911, 
with the temperature at 3 p. m. 46° F. and 44° F., respectively, the 
weather fair and the wind moderate. 

The application of bitumen to this section was not supervised by 
the representative of the manufacturer. 

On the east side a plain water-bound macadam road was built 
from station 16+83 to the District line. It is proposed to treat this 
with bitumens applied as surface treatment. This work will be done 
in May, 1912. 

The cost of the work was borne by the Office of Public Roads and 
the tax payers’ committee of section No. 2, Chevy Chase, Md. 

The following unit prices prevailed: 


Foreman, per day of 9 hours.............-- EERE one hs TU St Gee WN ee $4. 00 
Sei. per day of 9 hours... 222.2122 ee eee 2. 50 
Cat Ol:) NOUS... 25 2.5. Pes sgt. - I ee De 3. 50 
TST ei eR On ane eS Ge { * ie 
I te to oe ah Jo eae ete secs ae enc, Be OO 


Hand tools and small equipment, together with contractor’s profit, 
amounted to 124 per cent of the total of the above-named items. 


meriver-ner day of.9 hours......0.2...--..----..+.. S00. Paes $5. 00 
@eewenrt) and driver, per day of 9 hours..............---.------+-0+-+4++: 3. 00 


The cost data do not include rent on roller, heating kettles, and 
sprinkler. 
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TaniE 3.—Materials and complete cost data 7 Connectiont Avenue sec 
Chase, Md. 
SUBGRADE, 
Items. Spiking. fronts Shaping. | Rolling. 
Quantity (square yards). .........+- cette ee ate ae 12, 908 12,903 |. seteeeeees 
GOLA: na «ick wand whee rtas eae Caney Mv ES $57.09 | $1,426.15 $429. 34 
ry ES aes, SA Re A ee | 24, 65" web taats o eeal ee s een alaen 
Ota]. coavus Recs (ge an eetasn evqeaes 81.74 1,426. 15 429. 34 
Cost per squaro yard (conts)............e6s . 63 11.05 3.33 
Per. cont of total Cost. .s...0.eucsaesacsemns 5 | 8.1 2.5 
DRAINAGE, 
French | 8-inch | Subgrade 
Gutters. | Cateh 
Items drain. | bell pipe. ane shes 
(Feot.) | (Feet.) .) | (Peet) |, basins. , 
Doria tl rs ie bra int Pe akiveinds hptels ana ation 3,084 465 2, 980 5,741 4 
oOo ss a _EEe——a—a—aaES=q|_—a_—_—————— ==————S>S>== [= 
Pe eae Re a ee ee, ee ee ae $492. 66 $73.02 | $115.36 | $904. 75 $24. 35 
IMBCOLIML ces. ree EECh AREA ba SRT ak RAS 704, 00 87.57 236. 49 218. 89 30.53 
RESUME REKE CL Se Gare euak Uae wewn 1, 196. 66 160. 59 351.85 | 1,123. 14 | 54,88 
Cost per square WAIT, (OONtE). cxc<teb hi» oaks 9, 28 1, 24 2.73 8.52 48 
Per cent of total COSt.....ncnsceceneveancns 6.8 9 2.0 6.4 
SURFACING, 
A 
“tia Stone on} Spread- | Bitumen 
Items. work. | ing stone.| on work. vues of | Rolling 
CCC eins haben cllwenaalns sas sash 456) G80. S| ccmretustearae ae alae 29,377 | 212,908 
——————_—_—S ES SSE 
RURDUE SO Pastis tan bs cocks ck cuscueith satis eG tweak’ 65. 98 $85.91 | $249.03 | $314. 01 
TE eS ak ae eee 7 Te $5, 808, 90. 4. . cudshuad 802. 40 49, 28 
FU GUR Seema minds e'sra Siaksa wns tanttal aaa tia a 8, 398, 20 665, 98 388, BL 298. 31 
Cost per square yard (cents).............65 65, 05 5. 16 3.01 2. 32 
Por cont of total Cost. ...........0.ceeeeeee ns ATS hI S 2.2 1.7 
' Cubic yards. 2 Square yards. 
INCIDENTAL, 
Watch- Handling 
Superin- Miscel- | Drying 
Items, tendence, sir hee laneous. | stone, cnentl 
RENE Ba GE intck bh uma Sk Gy ope ws ie haere $419.75 | $202.50 | $275.94 nets 20 | $391.68 
Maratea Riis hs anda dusavanbWackkceeehaemen’ seie 150. 00 699, 90 1. 87 \} eda ee 
POURING Gun ke tn ca thew ca dtineeusc cues 419. 75 352. 50 975. 84 ws 77 as 
Cost per squaro yard (cents)...... 0.66.6... 8. 25 2.73 7.58 2. 45 ; 
Por cont of total Oost... ..ccccceceeeeee 2.4 2.0 5. 53 2.28 & 


1.88 | 
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EXPERIMENTS ON BRADLEY LANE, CHEVY CHASE, MD., ; 1911. 
OIL AND MOLASSES-LIME. 


In addition to the series of tests on Connecticut Avenue extended 
two experiments in surface treatment were conducted oa Bradley 
Lane, which is a roadway crossing Connecticut Avenue at the north 
end ‘i the experimental sections. It is a macadam road, which w 
resurfaced in the spring of 1911 and presented a smooth, svell- bondi 7 
surface. 





ExpreRmMENT No. 1, Sections Nos. 1, 2, AND 3.—REFINED SEMIASPHALTIC OIL, 


Section No. 1 begins 50 feet west of the west rail of the Connecticut 
Avenue car tracks. It is 811 feet long and comprises 1,216 square 
yards. The oil was applied at a temperature of 170° F., approxi- 
mately, and was spread in two courses, the first of which consisted of 
0.61 gallon per square yard and the second of 0.31 gallon per square 
yard. The characteristics of the material used are shown in the fol- 
lowing table: . 


TABLE 5.—Analysis of refined semiasphaltic oil } used in experiment No. 1 on Brad ey 
Lane. a 


Specifiewravity 25°/25° Gun eee ces ons ee a cs os ee 
Viscosity, Engler 100 c. c. at 100° C. specific................... os | 
Per centof loss.at 105° C., 11 hours (20 grams)............... 451 eee 
Per cent of loss at 163° C.; 5‘hours (additional)<.~.......... 52; 200 
Floatitest on‘residue” at:32° CG. (time):........2.22. 21.0. Sea 
Per cent of bitumen insoluble in 86° B. paraffin naphtha. ............-...- 
Percent of fixed carbon. 222.22. 24 fo ecwn cee on ee leone earn 


Per cent of bitumen soluble in CS, (total bitumen)...........-.........+--- 
Organic matter insoluble...... eeid se 2st due ces ge a 
Inorganic matter... .- Sg enh eh ee Awe e cles doc sss de ai ae eee eee 


The road surface was swept with a horse-drawn rattan stra et 
sweeper, followed by hand push brooms, and was thus freed from dust 
and loose particles of stone. The oil was allowed to run upon ‘he 
road by gravity from a tank wagon until an area of about 6 feet Dy 
8 feet was covered. The wagon was then drawn forward a few feet, iy 
and the oil was spread and broomed into the road surface with hand 
push brooms. As soon as the brooming was completed, the oil was is 
covered with chips and the surface was rolled. Six men ven 
required to spread the oil and two to spread the chips. The chip y 
were secured by passing crusher-run screenings ranging from ? inch 
to dust over a }-inch screen. In this manner ‘both applications W ere 
made under the direction of the representative of the manufacturer. 


1 Viscous fluid, fairly sticky; contained some water. 
2 Granular surface, very viscous, fairly sticky. a 


a 
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Section No. 1 extends from Connecticut Avenue to the first side 
‘street leading into Bradley Lane, and a vacant lot on this side street 
served the purpose of a contractor’s material yard. Traffic over this 
section may be classed as heavy, since, in addition to the mixed 
through traffic over Bradley Lane, there are frequently as many as 
120 loads of 3 tons gross per day going to the yards and as many 
empty wagons returning. 

Section No. 2 adjoins section 1 on the west. It is 256 feet long 
and comprises 384 square yards. It consists of a single application 
of approximately 0.61 gallon per square yard, spread and treated as 
described in section 1. 

Section No. 3 is 1,188 feet long and comprises 1,784 square yards. 
Two applications of oil were made as in section 1, and the average 
application per square yard in the first course was 0.61 gallon and 
0.31 gallon in the second. 3 

After the surface applications were completed, all excess of oil 
or “bleeding’’ was taken up with sand and screenings ranging from 
4 inch to dust. Some of this material was applied by brooming 
into the roadway the excess screenings which had been brushed aside 
by traffic, but no more screenings or chips were applied at any time 
than were needed to absorb the excess of oil then apparent. 

The traffic over sections 2 and 3 is identical, as there are no inter- 
secting or side streets. It may be classed as suburban traffic. 

The following table of cost data for the work on Bradley Lane is 
based on the same unit prices as prevailed on Connecticut Avenue, 
and the oil was donated by the manufacturer. 


TABLE 6.— Materials and cost data of oil surface treatment on Bradley Lane, Chevy 


| Chase, D. C. 
ee 2). svandag 
EIS SY OR a ee ee 1 2 
Matalarea, covered (square yards)................--+------------ 384 2, 999 
umeruarovyvard (gallon)... )2..<.225.0.-2-) 2 eee eee eee eee .61 102 
@uereenines per square yard (cubic yard)........-...+------------ . 025 . 040 
Cost of superintendence per square yard (cents)........:...----- . 25 . 40 
Cost of cleaning surface per square yard (cents)...........-.------ 14 1.97 
Soil per square yard (cents)..........-.-.--2--:-----2--5- 2.18 3. 28 
Cost of freight on oil per square yard (cents).....-.-------------- 1.02 1.55 
Cost of heating oil per square yard (cents)...........------------- 1.08 1. 63 
Cost of pumping oil per square yard (cents)..........----------- YUE 16 
Cost of hauling and applying oil per square yard (cents)........-- . 87 1. 28 
Cost of sand and screenings per square yard (cents)..........----- 4. 50 7.20 
Cost of screening chips per square yard (cents)..........--------- . 67 98 
_ Cost of spreading sand and chips per square yard (cents)........-- Lat 1. 64 
_ Cost of brooming chips per square yard (cents).........---------- .23 45 
Cost of rolling per square yard (cents)........-.-----------+----+> 02 1. 04 
Total cost per square yard (cents).......-.---------------- 14.51 21.58 


MEIC nitive BECtION....'........---cc-cccccececeeceeccees $55.72 $647.18 
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EXPERIMENT No. 2, Section No. 4.—Mo.nasses-Lime. 


In Circular No. 90 may be found the details of a successful experi- 


ment at Newton, Mass., in which a mixture of molasses, oil, and lime | 


was used as the binding material for a crushed-rock aggregate in 
road construction by the mixing method. Mention is also made of 
an experiment in which a weak preparation of molasses and lime 
was applied to a macadam surface over which sand had first been 
spread, but as this experiment proved a failure no details are given. 


The theory upon which this method of treatment was based 


depends upon the fact that a mixture of molasses and lime results 
in the formation of calcium sucrates, which are tough, sticky salts, 
rather sparingly soluble in water. 

Laboratory results from properly proportioned mixtures of lime, 
molasses, and rock dust or clay have shown that the salts formed are 
capable of developing a remarkably high binding value, and since 
waste molasses or black strap is obtained at a comparatively low 
figure in the neighborhood of sugar refineries it was thought that 


an economic and eflicient method of surface treatment for such 


localities might be developed and that the experiment which had 
previously failed might be well worth another trial under somewhat 
different conditions. 

The section selected was 1,060 feet in length and adjoins the west 
end of section 3, on which oil was used. The road surface was well 
bonded and in good condition. Before treating the excess of dust 
and detritus was swept off and the surface was given a light sprin- 
kling with water to lay and saturate the remaining dust. 

Basing a formula on some experimental results in the laboratory, 
the materials for treatment were mixed in the proportion of 360 
pounds of lime, 150 gallons of molasses, and sufficient water to dilute 


the above mixture to 450 gallons, which was the capacity of the | 
sprinkler used. This made a sticky mixture, but one that could be | 
run from an ordinary sprinkler quite readily. The method of oper- — 


ation was crude, and as the work was done in December difficulty 
in mixing was largely increased by the cold weather and consequent 


viscosity of the molasses. The lime was slaked in barrels to form a _ 


thick cream, and to each half barrel of this cream a half barrel of 


molasses was added with constant stirring: It was hoped that a | 
small rotary hand pump could be used to force the material up into ~ 
the sprinkler, but it failed from the start, and as no other facilities — 
were at hand the mixture had to be bailed with long-handled dip- 


pers. When it had all been transferred from the barrels, water was 
added up to the capacity of the sprinkler, and the solution was 
immediately sprayed on the road in sufficient quantity to saturate 


the surface thoroughly. The application was made heaviest on the 
crown of the road and any excess drained off toward the shoulders. | 








| 
} 
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The surface dried quite rapidly, and there was no interruption to 
traffic. When inspected, about one month after treatment, the sur- 


a face still showed evidences of having been treated, although there 











: 


iy 


— 


had been several heavy rains previous to the inspection. It is 
hoped to continue the experiment with one or more applications 
during the coming summer. 


The total area treated was 1,531 square yards, and the cost data 


_-were as follows: 


TABLE 7.—Cost data of molasses-lime experiment at Chevy Chase, Md. 





Suembor, for Sweeping, 24 hours, at 20 cents............. 0.2.22. 02 cc cb ee eet ee eee, $0.50 
error mixing, etc., 16 hours, at 20 cents........-...........2..---eee- ee aa 
Ser eprinikling + day, at $0...) 21.0... 2.50 
Lime, 360 pounds, at 90 cents per 100 potinds, delivered on work............. 3. 24 
Molasses, 150 gallons, at 15 cents per gallon, delivered on work............... 22.50 
EMEC LOEITIOTIG sf seta. 4 uih siete wie brasale te Ak mee ce cele oc fa oe cote ee kag ee 
memeeor a Wiaro. vard 0g eo PION YQ Sd 02 


EXPERIMENTS AT JAMAICA,N. Y., 191i. 


OIL-CEMENT CONCRETE, OIL ASPHALT, TAR AND FLUXED NATIVE 
ASPHALT. 


The experiments at Jamaica were conducted during August and 
September, 1911, by the Office of Public Roads, in cooperation with 
the Bureau of Highways, Borough of Queens, New York City. The 
general plan of cooperation provided that all materials and appliances 
for handling them and all labor requisite for efficiently conducting the 
experiments should be supplied by the Borough of Queens. It was 
also provided that at least one competent foreman and one engineer 
employed by the Bureau of Highways of the Borough of Queens 
should be in constant attendance while the work was under way and 
that one or more engineers should be assigned by the Office of Public 
Roads to assist in supervising the work and to check all materials and 
cost data. Specifications for materials and methods of construction 
were drawn by a committee appointed by the borough president, 
which had entire and exclusive jurisdiction over the section of Hill- 
side Avenue upon which these experimental sections of pavement 
were laid, and this jurisdiction is to continue during the period of 
maintenance and observation. 

The work consisted in resurfacing a section of Hillside Avenue, 
2,000 feet in length, beginning at the N. Y. & Q. C. Street Railway 
crossing near Flushing Avenue and extending east to Bergen Avenue. 

In 1895 this section of Hillside Avenue was surfaced to a width of 
18 feet with 6-inch water-bound trap rock macadam, and the shoul- 
ders, 17 feet in width on each side, were surfaced with gravel of a 
maximum size of 5 inches in diameter. Brick gutters, 4 feet in width, 
were laid on each side. 

62450°—12—3 


oO ae 
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In 1905 this section was scarified and resurfaced with water-bou atid 
macadam, and a strip 34 feet wide was added to each side, mak o 
the total width of macadam road 25 feet. The surfacing consist of 
24-inch trap rock laid 5 inches deep, measured loose. Sand was used 
to fill the voids partially and trap-rock screenings were used as the: 
binder. bie 

When the experimental work was begun in nears 1911, the cen- 
ter of the road had worn down so that the crown was welt flat. 
There were also a number of pot holes, some due to street openings © 
which had been made from time, to time and others due to the wear 
and tear of traftic. 

The entire road was scarified to a depth of about 3 inches, brotahil 
to a crown of about 3 inch per foot with a road grader, and properly . 
shaped by hand labor. Except in section 1, a course of 14-imch 
stone, about 14 inches deep, was then spread over the entire road and 
the Biole ioe vis rolled. 

Brick and granite block headers were placed along the sides of then 
oil-cement concrete section, and a single course of cobbles 3 to 5— 
inches in diameter was set cs hand to form a shoulder for the greater 
part of the bituminous pavements. ; 

On the foundation thus prepared nine experimental surfaces were 
laid: One oil-cement concrete pavement, four bituminous-conerete 
pavements, and four bituminous-macadam pavements. The aggre- ¢ 
gate used in all the experiments was clean, crushed trap rock, screened 
according to the following grades: 























a Y 
Screenings.—That product of the ordinary run of the crusher passing a }-inch | or 
8-inch circular opening, including the dust of fracture. a 
Threo-fourths-inch stone.—Crushed rock passing the 14-inch or 14-inch opening, but 
retained on the $-inch or 3-inch opening. . th 
One and one-half-inch stone.—Crushed rock passing the 2}-inch opening, but retained 
on the 14-inch or 14-inch opening. r 
Three-eighths-inch stone.—Screenings which are screened to remove practically all 
stone dust by passing over a }-inch or ?-inch screen. 


The following table of tests on representative samples shows the 
average grading of material received on the work. 


TaBLE 8.—Tests of crushed rock. 


Stone — 5 














3-inch 3-inch 
Motesine stone. stone. ye) u 
: (Percent-| (Percent- Inga. 
age.) age.) (Percent- | 
age.) 
UDURLIUSCLC. mI ICH BCTOOLL. o ccigs coe oe cee EEO A oC ee Ene eae ee 1.2 |... 2 ue onfauee 
Retainedon ¢-iuch serge: 3.0.06). /.8-06. AOL LE ee 13.7 |..2.). Se 
SAMMMITIOCE MOLE MHATIOIS BOTOCIY oy oo cits ss oi cn we aes cae RUN Ws, Co ae 37.5 1s... aectee 
Retained on sinch screen {12.234 0.029 Aa. Pee. eet se 40.3 46. 


0 
EVOPGRIHG (OT) SUDON SOPOT os we So sep sci oils anc wu POM: © Ae cou Ue ee 5.4 50. 2 
Passing d-inchsrreenii i). be SR. eae Ole. see £90) Oo 1.9 3.8 


wy + ’ : 
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_ The equipment consisted of a concrete mixer with arrangement for 
heating the aggregate, a patented distributor with 350-gallon tank, 
i and a 375-gallon heating kettle. These were loaned by the manufac- 


| ie Eyrere itished by the Borough Nf Queens. The labor was ongicisnecat 
_ from the regular city force, which, with few exceptions, was composed 
4g i iy inexperienced and unsatisfactory. workmen, and this fact is un- 


EXPERIMENT No. 1.—Om-CEMENT CONCRETE. 


___ Beginning with station 0 (at the N. Y. GQ. C. R. R.), this section 
extends to station 1+73 and includes the south intersection with 
_ Flushing Avenue. The concrete was made ‘up of 1 part by volume 
| of Portland cement, 2 parts of sand, and 4 parts of stone, which was 
~ hard trap rock ranging in size from ? inch maximum to } inch mini- 
mum diameter, and oil was added to the amount of 10 per cent, by 
| weight, of the cement. The materials were mixed in a mechanical 
concrete mixer, and the most satisfactory results were obtained by 
_ the followmg B heeeiine for each batch. About 3 gallons of water 
were put into the skip, followed by a barrow of stone, a barrow of 
sand, a bag of cement, and a barrow of stone in the fein mentioned. 
The stone was iahieal down and the balance of the water necessary 
to form a wet concrete was added. The measured amount of oil was 
then poured over the wet stone, after which the skip was elevated 
and the contents were dumped into the drum and thoroughly mixed. 
The concrete was conveyed and dumped in place by wheelbarrows. 
It was placed to a depth of 4 inches uncompacted in a single uniform 
layer across the entire width’ of and at right angles to the center line 
of the road. The surface was tamped with concrete tampers until 
| water flushed to the surface. Any uneven places which developed 
were filled with trap-rock screenings,’ and the first 12.5 feet of the 
section were finished by spreading a thin coat of these screenings over 
the wet surface. The remainder of the section was finished by spread- 
‘ing over the tamped concrete a mortar composed of 2 bags of cement, 
_ 2.5 cubic feet of sand, 7.5 cubic feet of screenings, and 8 quarts of oil. 
Square joints were formed between the days’ work by butting the 
concrete against oiled 2 <4 scantling. 
_ From station 0 to station 0+97.2, a residual oil showing the 
characteristics under No. 1 in Table 9 was used, while the product 
of another manufacturer, and represented under No.2, was used on 
_ the remainder of the section. The two parts of the section were 
_| separated by an expansion joint consisting of two courses of 3-inch 


| 4 ’ ; 1 See Table No. 8. 
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i 
wood block, laid on a sand cushion and filled with the fluxed | at 5 
asphalt used in experiment No. 3. mon, 
The section was closed to traffic for 28 days and was kept 1 at 








ie 





during the first 7 days of that period. Ba 
TABLE 9.—Analyses of residual oils used in experiment No.1. ae 3 
y rr r 
eg) * 
i oo ee 
BHOCInG PravIby 209/209 Cn sah cbc nue pane 5s oe out thes ent oe eee ee 0. 935 922 
Visoosite. Engler, 100 c. cat 50°C. "specific 525-058. Fee he. 520es. ee 49. 20 . 40 
Per cent of loss at 163° C., 5 hours (20 PYAMS) o coatic «Skee cline hs core aoe eee 1.19 OLS 
Per cent of total bitumen insoluble in 86° B. parafiin'naphthayc. .t 7 Lee tees 3.13 oie 
Perment of RxOd Carbon... -: ce erccewewnipen ngs veh or eter § hecho ae 3.04 42 
Per cent of bitumen soluble in CS2 (total bitumen).................-.--.--...------- 99. 89 igh on 
Organicanatter insqlublest. « ...o5.. S00 We ele eae peneag = di pee akinpin eS CR see eee : -03 
Inorganic matter insolyble... 23--f cos . 40k 5. - S020 Fe - EE. 4 vee - 8 - : 025 
Upbels. vik. Mt pet3, te. ab flag. oN. Ada oe. aa. eae 100.00 | 00, 
1 Fluid, greasy. po 


TABLE 10.—Tests of Portland cement used in experiment No. 1. 


Spocwid/oravity’25°/25° COL Ue, BE RL eh OS” Ss 
Per cent of water for normal consistency. .2..G2. 0.20.01. 2100. Jos. ae 
Tia Seb... pn slbecs- 6% -denad-/ -- = 4died- shee test - geese eee ee 
WEA SGU cit ons tae och etn ee “. Galpie pie oz «hs eee fakde ogee ee 
Fineness: 
Per ‘cent retained on 200-mesh sleve.-......0..-.-:-2< teen oan oe 
Per cent retained on 100-mesh sieve...........--..---22+------2-+-++-0- 
Patni air 28 ‘days: leyitecort: os). ...fehies Bee ode Tos Oe me 
Pat-in. water 28 ‘days... .- sive -cmed a. - peede deeper ade seo 
Pat steamed: 5 bours:.... ...55.0%..-49--.< cle Ge pile. Bee > Se 
Tensile strength: ; 
PI OQAU oa UUTS 2203. tems da ek Ee hie o'ply Bane veteee = ee 443 pounds per square inch. 
Neatly daysin.f. BEALE AQ ORE 2G 691 pounds per square inch. 
Neat 28idayss. 11 )- spleen ddan dae beeebatdthep 651 pounds per square inch, 
1:3 Standard Ottawa sand 7 days........-..------ 376 pounds per square inc ne 
1:3 Standard Ottawa sand 28 days.......--..---.- 483 pounds per square inch, 
Per cent of magnesia (MgO)i2..., 02.2) Beli. eds.) 05 
Per cent of sulphur trioxide (SO,)/20. PASS 22228 AOU See 1.05 


TABLE 11.—Test of sand used in experiment No. 1. 


Per cent retained on 8-mesh screen...-...2.020..0 00.0022. 0 lank 
Per cent retained:on: 10-mesh: screens«-i2- tae) -Sidsen 2-7 - Jona es Se ect 
Per cent retained. on 20-mesh screen. -: 2 < o.ci sin bee f= dna coves ce <roc in op 
Per cent retained’on 30-mesh screen... ...-s4..-----eesce+s cases 4 Ue 
Per cent retained on 40-mesh screen.....2. 2.2. ._.. 70.7.0 oa 
Per'cent' retained ‘on 50-mesh screen... 02.2.2. PP a 4 
Per cent retained on 80-mesh screen.). 0.02.2. JL ....000. La, SO 
Per cent retained on:100-mesh: screenssaccessa~- becee- seats toe Deere cot de 
Per cent retained on 200-mesh screen... ..91---s.-he0-+-+-d4- line bao dee 
Passing.200-mesh screén....,...--.-.0cs-cc-peccueles ne tb ss seen 0- 
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ag _ExprertmMent No. 2.—Cut-sack O1-AspHatt—Mrxina MeEtHop. 


his section adjoins the oil-cement-concrete section and is 299 
in length, extending from station 1+97 to station 4496. 
machine mixer was used and the charge for each batch con- 
sisted of 7.5 cubic feet of the }-inch stone and 5.5 gallons of bitumen. 
Owing to considerable wet weather, the stone was frequently quite 
wet, and time was lost in drying it for three or four minutes by 
1 veans of the hot-blast before the addition of the binder. The 
bitumen was melted in a 375-gallon tar kettle and heated to a 
temperature of about 240° F. before being poured into the skip of 
the mixer. The mixed aggregate was taken to the road in wheel- 
barrows and evenly spread on the foundation with rakes to insure a 
thickness of 2 inches after rolling. The rolling was done on the day 
f llowing that on which the mixture was laid, and in portions of 
she experiment there was considerable rainfall before the rolling 
ti ook place. The characteristics of the bituminous binder used are 
shown in Table 12. 
: _ Owing to delay and a period of rainy weather, the application of a 
seal coat to this section was delayed for two weeks. The surface was 
then swept clean and an application of a heavy oil-asphalt, an 
a nalysis of which is also shown in Table 12, was applied by means of 
the distributor. The application was not. as uniform as might be 
¢ lesired, and it was necessary to touch up with pouring pots a number 
of Bare spots that were missed by the distributor when it became 
clogged. The seal coat was immediately followed by a layer of 
finch stone, after which the surface was well rolled. 





TaBLE 12.—Analyses of bituminous binders used in experiment No. 2. 
Cut \ ae Oil- 
oil- 
. asphalt.1 | @SPhalt.? 
Bpecific gravity Pious Overs rata Aves teed ss AD, SAMS SPS, SOLED Ae od 0. 981 1. 002 
& Melting NIE TR aie Tt acre «esa 65a id ney sien die Sw Sdn mis oo Rn aS sain gate ape aseass nse 72. 00 
; ene Soros, 100 grams, 25°C; [mm.]) . .. 02... ee. sees ee stn s sa gitelaeue sn cdocee 4. 80 
| a ‘Viscosity °Engler 50 ec. ec. at 100° C. Ce | ea ta ew ee coe es seconds. . 324,60" [oovc creeds 
OSS £50). 6 die a sie sooo Add + opines 442 Fbia- » bee dt ee «9 Cee ee’ 149; 00: «| sccm dash SE 
fees NE ees Lz a's cid ome ols anise cae ME aang gas nie 444. 194; 005 |. .ncs aoa ste 
Berreentior loss at 163° C., 5 hours (20 grams) .....-...-.2.-..22-.) 0500 o see dt 9.12 18 
Penetration of residue: 

a LITT Cy FITITTS. |) oats oo land ales hc awa are a Sawn ce den aee eens 18. 60 4.2 

_ (5 seconds, 100 grams, 4° C. Imm PID cae ek cr eae enn RRS alk lh rls Sa AIDE cad. acldlde 1.2 

er cent of total bitumen insoluble in 86° B. paraffin naphtha ..............---- 17. 02 25. 52 
em ritinen insoluble in CCly ....2...-5.0c.0c0eecce cece cece ee ch Raeek.- - 00 - 00 
PEELED ST eh ty Sat ks oy. ain ctoiaeiicin ako ee De cs ots ca aeiode «harne ee = 7.10 9.99 

er cent of paraffin SH theh eee de ea etalh teed cian mae meg nm ety = lily GAe ee tend : SON ST wy BA -12 % vl4 

Per cent of bitumen soluble in CSe (total bitumen).................-.2-.2------- 99. 68 99. 64 
OMI DIG. 55 25 2 = pad 3 ainsi n aisle sm sical nen one dane = daaeweneese- 15 25 
; *S 4 Eeeanle matter insoluble......... fig Dae es Papas akc leat Age haat Poca sacl fe ae Gal ia bh i Fpl a | 
‘Total te ee en ry he aaa a trance d na vunwe s 100. 00 100. 00 


1 Sticky, very viscous. 2 Sticky, semisolid. 
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Experment No. 3.—Fiuxep Native AspHAttT—MIXING Mernop. nut 


This section adjoins the one just described and is 304 feet ne 
extending from station 4+96 to station 8+0. The method of 
struction was the same as in experiment No. 2, excepting for the | 
that the seal coat was applied entirely with pouring pots. Con: 
erable delay was occasioned by rain and consequent wet stone. 
bitumen required more heating than that used in the previous 
periment, and an average temperature of 340° F. was maintained in 

















the heating kettle. | nd 
The characteristics of the material used in both the mixing and see ul 
coat are shown in the following table: itl 


TABLE 13.—Analysis of fluxed native asphalt | used in experiment No. 4. 


Speciiicigrawity 259/263 Cli at. ccen oy seks bee. ult. aki gp. se. ae 
Penetration;(5 seconds, 100:grams, 259 C. [mm.,]).-......-- vere f+ ¢ eee ips 
Per cent oi lose at. 163° C., 5 hours.(20 grams).....5.....-.:.5). +> +e 
Penetration of residue (as above). wc. yc. Ss eo ee 
- Per cent of total bitumen insoluble in 86° B. paraffin naphtha............... 
Percentioifixed carbon. 12 flaciye eet Ja JO L1O0t 2 a . 


Per cent of bitumen soluble in C8, (total es ar Sek Sanh eee vena 
Ofeanie matter insolubles:t. 2.2. 02 FORGO Sie Ua 
Inorganic: mattervinsolublesiuc 6. abi. J ct Oe A 


lt NS el IIT rs EI 


oem anna 


EXPERIMENT No. 4.—REFINED Coat TAR—MIXING METHOD. 


AN eh Ot 


This section adjoins the one just described and is 298 feet in length, 
extending from station 8+0 to station 10+98. The same method 
of construction as described under experiment No. 2 was pursiaay 
and arefined coal tar having the characteristics shown in the follow- 
ing table was used. Each batch consisted of 10 cubic feet of stone Q 


—————EEEE—————— 


Fer cent of tree carbon (insoluble in CS.)...-.... d.iiccu U. mgd 6 3 Se 


Bek . Per cent Per ¢ Ce nt 
Distillation: by volume. by weight 


and 7 gallons of binder. ; a \ | 

TABLE 14.—Analysis of refined coal tar 2 used in experiment No. 4. 
Specific gravity; 25°/26? Gi... Tretey ed fey A | 
Float testiatbO?'C. (time) «soc ee onan vce ten ew enrenia barea aes onge cee x | 





RAV ALOR: GRtE? och crack soem mained Abbas oe bee 0. 0 Od 
Hirst light, oils tot0°.C.. hes oeitoou cite ee .0 BC) 
Record Sion t iia) 101.20 Ok ad bod tee ec nim bil did Se 212 “i va 
FLOR VY. Oi anl70-270°. Cs, +s ewhie's «cn b.6 sc éremnenhck Sefer cee ae 417.6 = 
Pitchirésiduie. obs ocoxadiesawore isi aniston ota baal 581.2 

YOUR LGY SOUR} 0 Li 20 nhs mee aie « Rae bed Ae a mils der 100. 0 
1 Sticky, granular, semisolid. 3 Solid. it 6 Hard, dull, brittle. 


2 Very viscous fluid. 4 Three-quarters solid. 























* ey 


si al DUST PREVENTION AND ROAD PRESERVATION, 1911. 23 


EXPERIMENT No. 5—Cut Back O1m-ASPHALT—MIXING METHOD. 


This section adjoins experiment No. 4, and is 296 feet in length, 
Re Bitending from station 10+98 to station 13+94. The experiment. 
is in every way identical with experiment No. 2, excepting that a 
‘similar type of material from another thavafactirer was used, and the 
‘seal coat was of the same material as was used in the ageregate. The 
| _ bitumen was all applied with pouring pots. The analysis of the 
1% bituminous binder used was as follows: 


TABLE 15.—Analysis of cut back oil-asphalt | used in experiment No. 5. 


b 
1 ae 
i 


if . ESL IE TSI ST Fae Sen Al td Ahead al el at AA Met aphids Li Pio: 0. 988 
I @renetration (5 seconds, 100 grams, 25° C. [mm.]) ........-...-2.----------- 19. 70 
gk ammrebicg dap ciuca aes nicl dan sternarticlng 165. 00 


teeing EEUU OL at... ce foe elses ee ans 2 + mtd ech em baeae 300. 00 
Be Seeeent or loss. at'163° C.,'5 hours (20 grams) ...... 2.22. -s45.c0-e- geese eee 5. 20 
i% _ Penetration of residue (as aie) VERTED PALL, MCD GAC ILL Ne ANY See 6. 90 


tne cent of total bitumen insoluble in 86° B. paraffin naphtha............... S140 
eee or total bitumen insoluble in,CCl,...........--..-----2+---5--065- 13 
MUI TIXCO. CATDON. ne eed eee 12. 79 





| Percent of bitumen soluble in C8, (total bitumen).............-----2----- 99. 20 


iF Organic ROUEN Lk! ie. 9 Satara la Wkai «fats be SRLS ES AY ERE oR Oe . 68 
ea Inorganic racy eae ll, Pas Se aie atl teed NID on Sele ele fig Mert hg Srl gli fs 0hy a Bat we Le 


a uf 


3 
} 
|| 
1. 
| 


: } 


sxperiment No. 2. 

i ® EXPERIMENT No. 6.—Orim-ASPHALT—PENETRATION METHOD. 

| This section adjoins experiment No. 5 and is 156 feet in length, 
extending from station 13 +94 to station 15 +50. 

_ The general method of construction was to spread over the pre- 
pared foundation a single course of the 14-inch stone to a depth of 
8 inches, loose measurement. The course was rolled sufficiently 
1 without sprinkling to compact the fragments of stone, leaving the 





1 Sticky, semisolid. 
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ce 
surface open enough to allow the hot bitumen to penetaals TI 
application of all the bitumen in this experiment was made by p 
ing pots and at the rate of 14 gallons per square yard. The first 
application was immediately followed by an application of sufficient 
2-inch stone to fill the surface voids completely, and the road w 
at once thoroughly rolled until solid. ja 
The bitumen, an analysis of which is given below, was used 1 for 
the first application on the entire section and for a seal coat on the 
eastern half of it. As there was not sufficient of this material to 
finish the section, a seal coat of the oil-asphalt used in experiment 
No. 2 and shown in Table 12 was applied to the western half. This 
was immediately followed by a light application of 3-inch stone an id 
thorough rolling. aie 


mt ad 

TaBLE 16.—Analysis of oil-asphalt ' used in experiment No. 6. “la Y 

Specific. gravityn2d WISA Oxi Jaowss oo3 02 4 Sedstidg as -eoiee ote ee . ae 0. 996 
Penetration (5;seconds, 100 grams, 25° C. [mm.}).;..... 5.014 -wen- -Hve see 17.00 


Per cent of loss‘at 163° C.,.5 hours (20 grams)...........,..-2-- 50s aoe 
Penetration of residueas above). .. 2.2.2 0 toe ben - ea vie plane ss ae 
Per cent of total bitumen insoluble in 86° B. paraffin naphtha.............. 
Per cent of total bitumen insoluble in"CCl,.. ov ee oe 
Ber cent of fixed carbon. 2.2.22. uses 2... 5. oe og 
Percent of paraffin scale. . ... 2... 2 srk -19-2 he eee Bs ~ 


Per cent of bitumen soluble in CS, (total bitumen)..........-2..-222.2..22 
Oreanic matter insoluble:2o....2.5%.25-.24:0.522. oe EC 
Inerganic matter insoluble.: 2.2.2.2... EA Pe) S008 0 


EXPERIMENT No. 7.—REFINED CoAL TAR—PENETRATION METHOD. 


This section adjoins experiment No. 6 and is 150 feet in i. 
extending from station 15+50 to station 17+0. 

The method of construction was exactly the same as described 
under experiment No. 6, excepting for the fact that all the bitumer 
was applied by means of the distributor. The refined coal tar used d 
in experiment No. 4, an analysis of which is given in Table 14, was 
used. An 8-barrel open pan and two 2-barrel kettles were used for 
heating the tar before it was pumped into the distributor, and t the 
temperature of the material at the time of application ranged from: 
260° F. to 270° F. 


Experiment No. 8.—Fituxep NATIVE ASPHALT—PENETRATION METHOD. 


iz a 


This section adjoins experiment No. 7 and is 150 feet in leng h 
extending from station 17+0 to station 18+50. The method 0 
construction and application was the same as in the preceding exp eri: 
ments, and the fluxed native asphalt that was used was the same a 
was used in experiment No. 3. The bitumen was applied by th 
distributor, and the average temperature of the material at the ti nag 
of application was about 330° F. a 


1 Sticky, semisolid. 


op ir a 
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t in ay extending from station 18+50 to station 20-40. 

The experiment was carried out in exactly the same manner as 
e preceding one, with an oil-asphalt, the analysis of which is 
1 one in Table 17. The application was made by means of the dis- 
tributor, and the average temperature of the bitumen while being 
applied was 335° F. 


q | TABLE 17.—Analysis of otl-asphalt ' used in experiment No. 9. 


Specific gravity 25°/25° C ep ee ae are che pe ak’ ow a ees oe a 0. 996 
Penetration (5 seconds, 100 grains, oo Cs (mms). %b5. 2.4.) bok al ee 11. 60 
Suemcent Of loss at 163° C., 5\‘hours (20 grams)......... 22... ----.2---e eee eee wad 
Penetration of residue (as above) oe URES ea ae ie a aera | 7. 40 
Per cent of total bitumen insoluble in 86° B. paraffin naphtha.............. 23. 28 
Seer cent of total bitumen insoluble in CCl. ............-.-.-..-..--+----- . 04 
RIE ORDO. auido. >. Pons ee dE eg oy 12. 82 


Per cent of bitumen soluble in CS, (total bitumen).........--....-.....-.-. 99. 41 
0 ganic matter insoluble ca tome e ire ak OL. ak. Oe eT Sry act A: . 50 


100. 00 


_ Shortly after the sections were completed, a traffic census covering 
a period of 11 days under average conditions showed a maximum of 
2 5794 and a minimum of 655 vehicles, or an average of 1,493 for a 
Reriod of 24 hours. This included practically every form of vehicle, 
Bron light pleasure carriage to heavy motor dray, but approximately 
75 per cent was motor driven. During the aero meet at Belmont 
pa, the number of automobiles for one period of 24 hours was 
5,808. 

- When last inspected in December, the surfaces all presented an 
cellent appearance. 

In making up the tables of cost data, the following unit prices 
were used: 


a ‘3 EE, POOLS HOTIIG 52s citer oe ai. oc s 3s He nla 5 ea ppcrarere ~ Gn oaiapds es Sook $4. 00 
\j p Assistant emma Hords vIOr'S NOuUra.t oo... « - H- at bb akin aren send bnevicsieed 3. 25 





Roller man, per day Oe noura: ven seem et ea A ELEN eC Paeeb ss da 42 eee 4. 50 
a Engineer fbr Berman verday of So noteteni Go. fh b oe es nee eee 4. 50 
Laborer, per day of 8 hours...... Ne Seis Pe oe A dee Wi.) isk we ook 2. 50 
—, SOAREPS EEE APS SC ee ae SO 2. 50 
See eart, with driver; per day of 8 hours.......sei..).--..--5.------4-- 3. 50 
Boa See Der day 0L5 NONtSs..-% 22.6.2. Pe Po oo 2. be 6. 00 
DL OPINGOr per day.2,. 2c. 5... ac... =~ RB hl eee see 10. 00 


‘% Scarifier, per day... gE A ee Oe) bl se 2 ET 
: Heating kettles, 400 gallons POUAEILY DET UAY ic. (LEME oh o's os vena Bee . 30 
Mepereating kettles, 140 gallons capacity per day. ....-.-.:.-.----------- eee eee 15 
| ‘Small SINS TIEPaNAT 0) JM Genin es, 6a da bs ee 03° 
The cost data do not include any charge for the use of the mixer 
or distributor. 


Sticky, semisolid. 
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Cost data (cents per square yard). 



































TABLE 18.— Materials and cost data of oil-cement-concrete experiment at Jamaica, N. Y. 
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EXPERIMENTS AT ITHACA, N. Y., 1911. 
OIL-ASPHALT, REFINED ASPHALTIC PREPARATION, REFINED COAL TAR, ; 


The following experiments at Ithaca were a continuation of those 
conducted in 1909 and 1910 by the Office of Public Roads in coop-— 
eration with Cornell University and described in Circulars Nos. 92, 
and 94. The work for 1911 consisted in resurfacing section 25 on 
East Avenue, the surface of which had almost completely disin- | 
tegrated during the winter, in completing the area allotted to experi- 
ment No. 16 in 1910, on which’the work was interrupted by bad — 
weather, and in constructing two new sections on South Avenue. — 
In addition to this, all necessary repairs were made on the sections — 
which had been previously constructed. Work began on July 10 
and continued until August 12, 1911. <A total of 757 linear feet of — 
surface was completed, but considerable time was lost in waiting for 
materials. q 
_ In accord with previous arrangements, the university furnished — 
all stone, machinery, and necessary labor. The bituminous binders — 
were donated by the manufacturers, with the exception of the refined © 
coal tar used in experiment No. 27, which was purchased by the uni- — 
versity, and the freight charges on donated materials were paid by — 
the Office of Public Roads. 3a 

The two sections designated as No. 29 and No. 30 extend west on 
South Avenue from the car-track crossing to the intersection with 
Central Avenue. The foundation was an old macadam road which — 
had been rough and uneven, and this was spiked up with the roller 
and harrowed with a spring-tooth harrow in order to bring the coarse — 
material to the surface. The old material was redistributed in order 
to produce a uniform grade, after which the foundation was rolled 
until firm. A course of broken stone ranging in size from 1 to 23 
inches was then spread over the road to a depth of approximately 23 
inches and a width of 20 feet and rolled. On the foundation thus — 
prepared the wearing surface was laid 16 feet in width. 

The working equipment was the same as that used for previous — 
experiments and consisted of a 10-barrel tank fitted with a fire box 
for heating the bitumen. A 2-barrel iron soap kettle was also used 
for repair work. The mixing plant was located at East Ithaca, 
about 2,000 feet from the road, and consisted of four flat stone 
heaters having a heating surface of from 75 to 80 square feet, and a 
semicylindrical section of a boiler for heating screenings. The mix- 
ing was done in a portable concrete mixer of the old McKelvey type. 
Wheelbarrows were used for measuring and transporting the stone at 
the mixing plant, and the mixed aggregate was conveyed to the site 
of the work in dump wagons. 
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The labor employed was unskilled, and consisted of the regular 
; campus force, together with a few extra men. Common? labor was 
_ figured at $1.75 per 9-hour day, double teams at $4, engineer for 
mixer at $4, and roller at $3 per day. Scrap wood was used for heat- 
. ing the kettles and coal for the roller cost $3 per ton. The stone 
_ used, was a hard limestone, costing $1.20 per ton f. 0. b. cars at siding 
at Hast Ithaca. 

As noted in previous experiments, the cost of construction was 
excessive owing to crude apparatus, unskilled labor; and the expense 

of preparation for such a small amount of work. 


EXPERIMENT No. 24, Section No. 29.—OrL-AspHatt—Mixine Merron. 


The section treated in this experiment is’ 300 feet in length and 
begins at station 22, where the car track crosses South Avenue. A 
course of broken limestone, ranging in size from 1 to 24 inches, was 
laid to a depth of approximately 24 inches on the foundation and 
rolled until firm. 

The wearing surface was proportioned and prepared as follows: 

_ Six parts by weight of stone ranging from 1 to 24 inches in size to 
one part of from 4 to ? inch stone chips were zaakigiead in wheel- 
barrows and ein to ihe mixer. The coarse stone was dumped. 
into the mixer first and about 6 per cent of the total aggregate by 
weight of hot bitumen was added. After the mixer had made a few 
turns, the stone chips were dumped in and the mixing continued until 
the stone had become thoroughly covered with bitumen. The mixed 
ageregate was then dumped into a wagon and taken to the road. It 

was deposited on a dumping board, from which it was spread to a 
depth of from 24 to 3 inches over the foundation. The stone ran a 
little larger than desirable at times, and when this, occurred the 
proportion of stone chips had to be increased. 

This course was well rolled after a light coat of clean stone chips 
from,4 to ? inch in size had been spread over the surface to fill the 
voids Eextially and keep the mixture from sticking to the roller. 

_ When thoroughly rolled, a seal coat of about a half allork of bitumen 
to the square yard was applied. Enough stone chips were then 
added to take up all surplus bitumen and fill the surface voids, after 
which the surface was thoroughly rolled. 

The characteristics of the oil-asphalt used in this experiment are 
shown in the following table: 








. | TABLE 20.—Analysis of oil-asphalt 1 used in experiment No. 24. 


Rey abr Git Ooi Mi ALO OU). A PONS. O28 LU LOT. 0. 996 
I AE Bare er) ofits od. Sy}. J. erred. sa. G18 AR 57. 50 
Penetration (5 seconds, 100 grams, 25° C. [mm.]).-.-.....-.------+----+-+-- 9. 70 
memeent Of loss at 163° C., 5 hours (20 grams)......-.--.--- +--+ enn seeenenes 1.91 
SEEEEIOIE OL Fosidulo (aa. ahone) wash wale sea -lallwlawe Pwed!..-..2-..65-- 6. 70 





1 Dense, sticky, semisolid. 
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Per cent of total bitumen insoluble in 86° B. paraffin naphtha......... 3 dul sig . 9 
Per cent.of fiexed Carbon. . < .cis aes owl ack eienle wie » piel uis « Beja h bk) eR = ee (910 
Per cent of bitumen soluble in CS, (total bitumen)...........-..-...-.---- 99.7 
Organic matter insolubleve. ss 22 (c)cke .. 4 bd AE. OU DOO. ee et 
Inorganic matter insoluble 2. jcniesy em! bass dpb be Ted> Ides ¢ bo irs, oe ee . 09 

100. 00 

















Fo 
When last inspected in October, this section was in excellent con- 
dition and presented a uniformly smooth, hard surface. 


ro 


EXPERIMENT No. 25, Secrion No. 25.—Om-AspHaLtt—Mrx1ne METHOD. 


The section treated in this experiment is 296 feet long, extending — 
from station 16+10 to station 19+6. It was originally constructed — 
in 1910, but owing to the fact that the bitumen proved too hard, — 
the surface rapidly went to pieces and the road had to be resurfaced. | 
The old surface was therefore spiked up with the roller and harrowed — 
with a spring-tooth harrow. It was then rolled until firm, after — 
which the new wearing surface was mixed, laid, and finished exactly — 
as in the preceding experiment. The bitumen used in this section — 
was not wholly satisfactory, owing to the fact that some drums were 
very soft, while others were quite hard; but by mixing the two a 
fairly esis material was secured. i 

The characteristics of an average sample are shown in the following 
table. 


TABLE 21.—Oil-asphalt } used in experiment No. 25. 


Ppeciic PrAVILY 20°/20" Ge oe kn = panty ame eet «hes oe eek 001 
Penetration (5 seconds, 100 grams, 25° °C. [mm.])..-..-....-.-...-....-..2-: 19. 10° 
Per cent of loss at 105° C., 7 hours (20 grams)....-.......2..2......0.00 0.014 .28 
Per cent of loss at 168° C., 5 hours (additional logs) sii ses.enils. i ae LOS 
Penetration of residue (as abeces atecdjet acl sees batts aes ho be Bee 9.00 — 
Per cent of total bitumen insoluble in 86° B. paraffin naphtha...........-.. 24. 70 


Percent Of DXO0 CALDON 5 oc on co cccd ee ws ween e on ee wh pale al ol 15. 42. 


+ 
. =—>—— y, i 
Per cent of bitumen soluble in CS, (total bitumen).................-.--.-- 99.58 
Organic matter insoluble. sf.) 4. Yen daeed-Lecu-d- boiler. Aa 42h 4 


Inorganic matter insoluble 5: -{., 9S > ~ 2 abode Spt Ue .00 | 


IEGMads, cows ssh wass's sip 8 ten tnkscmmod pene aca he oe een 100. 00 


When finished, this section presented a smooth, firm surface, 
but when inspected it was found that a large strip had raveled for 
nearly the entire width of the road at station 17+30. This place 
was immediately repaired by first removing all the old material down — 
to the foundation. The edges of the cut were painted with bitumen, | 
and clean stone varying icin 1 to 2 inches in size was added and 
tamped flush with the surface. After this the patch was finished — 


a 





eh 
1 Short semisolid; contains small amount of water. vay 
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1 by the penetration method, with about 2 gallons to the square yard, 
. including the seal coat. Eight square yards of new material were 
Be thus added at a cost of 1.09 cents per square yard for the entire section. 


4 i Experiment No. 26, Section No. 28.—ReErinep AsPHALTIC PREPARATION—PENE- 
dy | TRATION METHOD. 


| 
: 
| The section treated in this experiment is 51 feet long, beginning 
: at station 21+49. The first experiment with this material was 
started in 1910, but the work was interrupted by bad weather, as 
stated in Circular No. 94 under experiment No. 16. The foundation 
| was laid in 1910, but owning to heavy traffic during the winter it 
had to be spiked up, so that the wearing course might ‘“‘key” with 
the foundation. The wearing course of stone, which ranged in sizes 
_ from 1 to 2 inches, was laid about 4 inches deep when loose and rolled 
until firm. | 
The binder was heated to between 250° and 300° F. and then drawn 
off in coal scuttles fitted with a strip of metal riveted across their 
spouts, so as togive an opening 44 inches across and 4 inch wide. 
The hot binder was poured upon the prepared road surface at the 
rate of approximately ? gallon per square yard, after which the 
surface was given a light coat of screenings from 4 to ? inch in size 
and well rolled. The surplus screenings were then swept off with 
rattan hand brooms and a second application of the binder to the 
amount of ? gallon per square yard was applied. Screenings were 
then applied in sufficient quantity to fill all surface voids and take 
up the excess bitumen, after which the surface was rolled until solid. 





EXPERIMENT No. 27, Section No. 30.—REFINED CoAL TAR—PENETRATION METHOD. 


The section treated in this experiment was 110 feet long, extending 
from station 25 to the intersection of Central Avenue, and had an 
area of 225 square yards, including intersections. The wearing course 
of stone was laid in the same manner as in the preceding experiment. 
‘The tar was heated to from 250° to 300° F. and poured upon the pre- 
pared road surface at the rate of approximately 14 gallons per square 
yard. 

The surface was given a light coat of from 4 to ? inch screenings 
and rolled. The surplus screenings were ee swept from the sur- 
face with rattan hand brooms and a seal coat was applied at the rate 
of approximately 4 gallon per square yard. Screenings were then 
applied in sufficient quantity to fill all surface voids and take up the 

surplus tar, after which the surface was rolled until firm. 





— | 
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f zi : hs bel es. a 9 wu, 
The characteristics of the tar used in this exper ment > 
follows: Nee HY, SRO tiga ot 
TABLE 22.—Refined coal tar } used in experiment No. 27. " bs 7 Uae, 
Specific gravity 25°/25° Osea s has vou ee Ua - Fae ee s/h 
Float test at 50° C. (time). ...-.-.----------- eS I - 
Per cent of free carbon (insoluble in C8,).....--------- Pe 
° iP he 
Distillation: . by eee by \ 
Watero litre. Ait APE LOSI SE OR eae 0. OLS 
First/light dilsito 11ID°}GO eka: Awe Ao a pda ‘'LOnm4 
Second light'oils 110°-170° Co. iw snnea~is bese 840-05 We ee 17 ai 
Heavy oils 170°2270° Oe oe nck ee ey te 12945 
Heavy lls 270 5-S1D 7G. 6G occete ont. oak e ope seats 6.9 
PitchsTesldue’n sc ec cee Cea eee ce cee ee eee ae ee ee 81.2 ° 
Total news cess utben 24 clone de re a eet 100. 0 


When inspected in October this section presented a unifor 
smooth, well-bonded surface. sabe 


i Very viscous, sticky. 


i 
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Materials and cost data of e3 
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TABL 


MIXING METHOD. 


oe 


Total cost. 


Cost data (cents per square yard). 
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1 1910 foundation used. 
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JPPLEMENTARY REPORT OF EXPERIMENTS MADE AT ITHACA, 
- N. ¥., 1909 AND 1910. 


‘AR, OIL, NATURAL AND OIL-ASPHALT PREPARATIONS, ROCK ASPHALT, 
a BRICK, CEMENT, AND SLAG. 


A full report of these experiments is to be found in Circulars Nos. 
Bind 94 of this office and a report of an inspection made November 
1910, of the sections then completed is also included. The fol- 
lowing is the report of repairs made during 1911 and of an inspection 
m October 27,1911. This inspection was made during a fairly heavy 
Pia and Mhttmnued on October 28, which was a clear, cold day. 

ExPERIMENT No. 1.—ReEFINED Coat TAR—PENETRATION METHOD. 


-— 


No repairs have been required on this section and, when last in- 
spected, it presented a uniformly smooth, hard, and well-bonded 
surface. 

; EXPERIMENT No. 2.—REFINED Coat Tar—Mixine MeErTuHop. 

_ The only repair necessary to this section during the summer of 
i. was a small patch about 3 square feet in area at station 3+02. 
‘he cost of this repairing was 0.05 cent per square yard for the entire 
ection. During the summer this section was exposed to rather se- 
vere conditions, owing to the construction of a new building along a 
Bprtion of its length. At the time of inspection the greater part of 
it was covered with mud. The road surface in general, however, still 
seemed to be hard and well bonded, and the only defects noted were 
afew small cup-like depressions. 


EXPERIMENT No. 3.—ARTIFICIAL Om-AsPHALT—MIXING METHOD, 


mS “ noted in Circular No. 94, the grade of this section was low 
where it adjoined the brick section. This defect was remedied dur- 
fing the summer of 1911. The heated stone and bitumen were mixed 
exactly as for the original construction and the grade was brought 
‘up by filling in with this material; but, since this should have been 
done at the.time of construction, the cost of making the change was 
not included as an item of repair. When last inspected, the surface 
‘Temained in excellent condition, although considerable mud had 
a een tracked on it from an intersecting road. The only defect noted 
was a small cup-like depression at station 9+75. 


encanr No. 4.—ARTIFICIAL je ee METHOD. 


_ The greater part of this section showed a smooth, resilient surface- 
like sheet-asphalt. Throughout the last 75 feet, approaching the 
ash-cement-concrete section, there were occasional spots where coarse 
stone showed, but these had no tendency to ravel. 


“te 
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EXPERIMENT No. 5.—REFINED SEMIASPHALTIC O1Ls.—PENETRATION METHOD. ~ 
This section, while in good condition, was not as homogeneous as" 
some of the others. Spots of coarse stone were showing in a number | 
of places, but there was no evidence of raveling. The surface was 
somewhat soft and traffic had developed a small ridge on the north a | 
side of the road about the middle of the section. | 


EXPERIMENT No. 6.—SeEmisotip REFINED SEMIASPHALTIC OIL—PENETRATION 
METHOD. 


In general this section showed a smooth, well-bonded surface re- 
sembling sheet-asphalt. Two small depressions were noted about 
15 feet from the joint of the rock-asphalt section. 


EXPERIMENT No. 7.—REFINED WATER-GAS TAR—PENETRATION METHOD. 


This section presented an excellent appearance and had a smooth, — 
hard, well-bonded surface. On that portion where an excess of — 
binder had been used a thin film of smooth, hard bitumen covered 
the surface and an accumulation of mud and leaves had made it quite | 
slippery. To remedy this difficulty, the surface was first scraped | 
clear with hoe and shovel, after which a thin layer of limestone screen- 
ings was spread over it. 

The cost of this work was 0.428 cent per square yard for the entire 
section. 


EXPERIMENT No. 8.—REFINED SEMIASPHALTIC O1L—PENETRATION METHOD. 


This section had bled considerably during the summer and surplus — 
bitumen had flowed toward the south side of the road. The surface 
was softer than any of the other bituminous sections and was marked — 
by the calks of horses’ shoes. Toward the east end of the section 
coarse stone was showing, but the surface throughout was in very | 
fair condition. | 


EXPERIMENT No. 9.—REFINED WATER-GAS TAR AND SLAG.—PENETRATION METHOD. | 


This section continued to be in very good condition, and the surface 
was firm and smooth. During the summer it was found necessary _ 
to put a small patch of about 1 square foot in this section at station 
28+4. The cost of this work was 0.02 cent per square yard for the 
entire section. 


EXPERIMENT No. 10.—KeEntTucKy Rock ASPHALT. _ 


The general appearance of this section continues about the same | 
as when the last inspection was made. A number of small shallow 
cup-like depressions were observed in the eastern half, but they are 
not of sufficient importance to need attention at present. * 























DUST PREVENTION AND ROAD PRESERVATION, 1911. 37 
EXPERIMENT No. 11.—OpEen-HEARTH SLAG—LIME. 


This section was originally constructed of open-hearth slag with 
slag screenings and unslaked lime for a binder. The section remained 
in fairly good condition throughout 1910, but after a prolonged dry 
spell during the early summer of 1911 the entire surface began to 
ravel badly. It was therefore spiked up with a roller, harrowed with 
a spring-tooth harrow and then shaped by hand with a potato hook 
and shovel. Nine cubic yards of clay were spread over the surface 
and thoroughly harrowed into the slag, after which the surface was 


‘rolled. Over this rolled surface there were spread 5 cubic yards of 


slag screenings and 1 cubic yard of limestone screenings, after which 
the surface was thoroughly wet and rolled. 

When inspected in October, considerable mud had formed, because 
the clay had come to the surface. Three cubic yards of stone chips 
were, therefore, spread over the surface to take up this excess of clay. 

The total annual cost for repairs to this section was 8.6 cents per 
square yard for the entire section. 


EXPERIMENT No. 12.—CEMENT CONCRETE—BITUMINOUS SURFACED. 


The concrete in these sections appeared to be in good condition 
and no cracks were observed. The surface, however, was rather 
rough, and for more than the width of a wagon down the middle 
of the road the bituminous surfacings had practically all worn off. 
A thin mat of the bituminous material was observed in places along 
the sides of the road throughout all the concrete sections, but there 
was nothing to indicate that one binder had given any better results 
than another. 

EXPERIMENT No. 13.—ASH-CEMENT CONCRETE. 


This section remains in excellent condition and has a much smoother 
surface than the other concrete experiments. The bituminous sur- 
facing is practically all gone from the middle of the road, but is still 


- evident along the sides in a thin mat which can be easily stripped off. 


EXPERIMENT No. 14.—Brick. 


It has unfortunately become necessary to cut out a large area 
for the entire width of the section at about station 7+50, owing to 
a relocation of the car line which now crosses the section at this 
point. It is now likely that the entire brick section will be removed, 
owing to the relocation of the north end of East Avenue and the 
consequent lowering of the grade of Forest Home Drive at this 


point. The portions of this experiment which had not been disturbed 
were still in excellent condition. 
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ExpeRmMENT No. 15. —Ou-AsPHALT—PENETRATION Metnop. 
In July, 1911, raveled spots were found at the following cane n 
in this section: Station 1+82, 24 square yards; station 2426, 4 4 
square feet; and station 2+34, 3 square feet. These places w weit 
repaired by removing the old material down to the foundatior 
course, by a clean, straight cut. The edges were thoroughly cleaned 
and painted with bitumen, and the hole was then filled flush wit! h 
No. 2 stone. After thoroughly tamping, bitumen and screening: 3 
were applied and this application was followed with a hot tamper. 
The patch was finished by the application of a seal coat and more 
screenings. sy 
The cost of these repairs was 0.44 cent per square yard for the 
entire section. When last inspected in October, the general appear. 
ance of this section was good, although the surface was not ver y 
uniform. One small spot at station 0+75 showed signs of raveling — 
and will probably have to be repaired this spring. ae | 


ExpeRIMENT No. 16.—REFINED ASPHALTIC PREPARATION—PENETRATION MetHop. 


This experiment was laid in two sections, Nos. 26 and 27, the 
former of which had a seal coat, while the latter did not. } 

Section No. 26 includes the intersection of East and South Avenues. 
Owing to a leaky water pipe at this point, it became necessary to 
excavate at several places in the spring of 1911. This necessitated 
considerable repairing of the wearing surface along the east id 
of East Avenue and the south side of the intersection. Repairs 
were made in exactly the same manner as described under experi- 
ment No. 15. Since these repairs were not caused by any defects 
in the wearing surface, their cost is not included in the cost of mainte- 
nance of this section. 

When inspected in October, the general appearance of the surface 
of both sections was very good, with the exception of a couple » of 
ruts about 2 inches deep in section 27, upon which no seat coat of 
bitumen had been applied. These were due to the heavy hauling 
of coal on narrow tires along South Avenue to the power station. 
Considerable mud had been tracked on the surface from the up 
portion of South Avenue, which is unimproved. 


EXPERIMENT No. 17.—Orm-AspHaALT—Mix1na MeErnHop. re 


By July, 1911, several large raveled places had developed a 
patching became necessary at the following places: 34 square ya 
at station 4+64; 4 square yards at station 5+36; and 1 squal 
yard at station 5+6. The loose material was dug out and a patch 
was made in the same manner as described under the preced ing 
experiment. When inspected in October, this section was found 
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to be in fairly good condition, but the surface was somewhat wavy 


and there were a number of small depressions scattered over it in 


which stone appeared to be beginning to ravel. Further repairs 
will probably be necessary in the spring. 

The cost of these repairs amounted to 1.17 cents per square yard 
for the entire section. 


EXPERIMENT No. 18.—Semisotip REFINED SEMIASPHALTIC O1rt—Mrix1ne Meruop. 


When last inspected, the appearance of the surface of this section 
demonstrated the value of a seal coat. That portion to which such 
a coat had been applied was generally good and presented a smooth 
surface much resembling sheet-asphalt. The remainder of the sec- 
tion on which no seal coat was applied was fairly well bonded, but 
rather rough and uneven. Several open spots at about the middle 
of this part showed signs of beginning to ravel. 


EXPERIMENT No. 19 A ‘AND B.—REFINED WATER-GAS TAR—Mrx1na MeEtTHop. 


The general character of this section was rough and unsatisfactory. 
The portion designated as section No. 22, to which a paint coat had 


been applied, showed raveled spots at the beginning of the section 
and at about 15 feet from the beginning, and was quite badly raveled 
for a large area at the intersection of a cross road. This was due 


to the mud tracked on from the cross road and from the impact of 


traffic coming over the gutter. About 5 square yards of new sur- 


facing was put in here at a cost of 0.8 cent per square yard for the 
section. 

The remainder of the experiment constituted section No. 23, to 
which tarred chips had been applied, instead of a paint coat. It 
showed an area of about 2 square yards which was beginning to 
ravel on the east side of the road at the beginning of the section. 
Strips appeared across the road at 3 feet and about 100 feet from 
the end of the section in which the material was evidently becoming 


loose and it is probable that considerable repair will be required on 


this section this spring. 
EXPERIMENT No. 20.—O1L-ASPHALT—M1x1ING METHOD. 


Owing to the fact that the binder used in the construction of this 
section was harder and more brittle than it should have been, the 


‘surface rapidly disintegrated and in July, 1911, it became necessary 
to resurface it entirely. This work was performed as experiment 
No. 25 and is described in detail in the earlier portion of this circular 
under experiments at Ithaca, N. Y. 
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ExpeRIMENT No. 21.—O1L-ASPHALT—PREPARED FILLER METHOD. 7 























In July, 1911, it was found necessary to repair a few raveled places 
as follows: 14 square feet at station 3+5; 1 square foot at station 
3+12; 1 square foot at station 3+25; and 4 square feet at station ‘ 
3+44. The work was done in exactly the same manner as describec 
under experiment No. 15 at a cost of 2.66 cents per square yard for the | 
entire section. 4 

When inspected in October, the surface presented a generally good. 
appearance, excepting for a small depression showing coarse stone 
at about the middle of the section. 4 


ExpermMent No. 22.—Om-AspHALT—PREPARED Fitter Meruop. * a 


No repairs were required on this section and, when last inspected, — 
it presented a good appearance and showed practically no difference _ 
from section 17 described in the previous experiment. A small loose 
spot was noted at the beginning of the section in the middle of the 
road. 

EXPERIMENT No. 23.—AspHatt Biock. 


While the general appearance of this section was impaired by a 
heavy coat of mud which had been tracked on it, the underlying 
surface appeared to be smooth and in excellent condition. 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT NEW YORK, © 
N. Y., RIDGEWOOD, N. J., AND WASHINGTON, D. C., 1910. | 


OIL-CEMENT CONCRETE. 


The original report of these experiments, including the report of an 
inspection made January 21, 1911, is to be found in Circular 94. 
The following additional crt brribediven was gathered from an inspectiag 
made December 18, 1911. 


EXPERIMENTS AT NEw York, N. Y. 


The surface is worn, at every joint separating the various days’ — 
work, into a furrow from 6 to 12 inches wide in the center of the road 
tapering to nothing at from 8 to 10 feet from the center of the road, 
and from 2 to 3 inches deep. These furrows are located at approxi- 
mately the following stations: 0+58, 1+20, 1+80, 2+12, 2+40, 
2+75, 3+20, and3+90. In general the surface from station a 00 
to station 3+00 is in very fair condition, with the exceptions not 
above, and 6 or 8 cup-shaped depressions from 8 to 15 indhea in 
biamicter and from 1 inch to 14 inches in depth. 

From station 3+00 to station 3+50 the entire surface is badly ; 
worn—particularly in the center of the road—and in appearance 4 
resistance to a knife appears but little better than a macadam roll | 
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From station 3+ 50 onward the road surface is in fair condition, 


except at station 3+90, where there is a hole 3 feet in diameter and 
_ from 2 to 3 inches deep. <A joint apparently was the initial cause 


of failure at this point. 
The cut across the road at station 2+ 30 is still filled in the refuse 


of the cut. 


EXPERIMENTS AT RipGEwoop, N. J. 


The floors of the two bridges are in excellent condition and no 
worn depression is anywhere noticeable. In the middle of the road- 


_ way the wear is on the concrete, but a strip from 8 to 4 feet wide on 


each side of the center is covered with about an inch of dirt. At the 
ends of the bridges the edges of the concrete are rounded by wear, 
but not in an amount sufficient to be detrimental to the floor. 


EXPERIMENTS AT WASHINGTON, D. C. 


The general appearance of most of these sections, when inspected 
in March, 1912, had been marred by a number of openings in the 
surface. There are in all 16 of these places, 14 of which have 
an area of approximately a square yard each and are distributed 
along the south side of the roadway, while two larger ones have evi- 
dently been made for manholes and connections in sections No. 2 and 
No. 5. All of these holes have been ‘‘back-filled”’ with loose material 


and now exist as slight depressions. 


The general character of the undisturbed surfaces was good through- 
out, with the exception of a worn depression about 2 square feet in 
area on the south side of section No. 2 at the middle of the section. 
Section No. 7, which was the first to be constructed, appeared to be 
a little rougher and more uneven than the others, but further than 
this there were no apparent differences between any of the sections. 


SUPPLEMENTARY REPORT OF EXPERIMENT MADE AT BOISE, 
IDAHO, 1910. 


OIL-GRAVEL-MACADAM. 


The original report of this experiment is given in Circular No. 94, 
and the following is the report of an inspection made in January, 
1912: 

As noted in the original report, the experimental section on which 
data were kept was laid on a subgrade of dust, and the shoulders were 
nothing more than dust heaps. Most of the defects up to date are 
evidently attributable to this. The traffic is heavy teaming and 


_ automobiling, and the shoulders have become deeply rutted. Occa- 


sional depressions, one or two to every 50 feet, are noticeable 
throughout the section, but the bituminous bond is still excellent, and 
there is no tendency to ravel. Considerable mud has been tracked on 
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from intersecting roads, and this had frozen and covered the surtecall 
to the depth of an fadh in places, thereby impairing the general 
appearance. There have been no repairs or systematic maintenance, 
other than occasionally cleaning the gutters, since the road was com- 
pleted. 


SUPPLEMENTARY REPORT OF EXPERIMENT MADE AT AMES, 
IOWA, 1910. 


OIL-ASPHALT-GRAVEL. 


The original report of this experiment is to pe found in Circular No. 
94. The following is the report of an inspection made November 21, 
1911: . 

The surface is uniform throughout, excepting for a few slight breaks | 
on the south side, about 3 feet from the curb,’ and these occurred 
during construction. About an inch of mud has been carried on from 
an adjoining road, which probably accounts for the fact that the 
section is somewhat dusty insummer. The traffic is heavy, consider- 
ing that the section is on a college campus, and there is quite a large 
proportion of automobile traffic. 

The section has been dragged a number of times in conjunction 
with other roads on the campus, but POPS has been spent or 
required for maintenance. 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT KNOX- 
VILLE, TENN., 1910. 


TAR AND OIL PREPARATIONS. 


The original report of these experiments is to be found in Circular | 
No. 94, and the following is the report of an inspection made Novem- 
ber 22, 1911: | 

All of the sections showed a firm, well-bonded surface. Most of the 
seal coat had worn off in experiment No. 1 and the surface presented 
more of a mosaic appearance than that of section No. 2. The sec- 
tions constructed in experiments Nos. 1 and 2 with a refined coal tai | 
and refined tar preparation, respectively, were hard and smooth and_ 
could not be dug into with a knife. They both gave a more metallic 
ring under horses’ hoofs than section No. 3, on which an oil-asphfalt 
was used. This latter section had the appearance of sheet-asphalt, — 
and the material was still soft and malleable when dug out with a 
knife. ‘Two depressions were noted in this section, one about 2 feet 
in diameter at the northeast corner of the intersection with Lakell 
Street and another on the same side of the road at the east end of the — 
section. ‘The surface was, however, intact throughout and the depres-_ 
sions were evidently due to slight settlement. 
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SU PPLEMENTARY REPORT OF EXPERIMENTS MADE AT YOUNGS- 
TOWN, OHIO, 1909. 



























SLAG, § SLAG AND LIME, SLAG AND WASTE SULPHITE LIQUOR PREPARA- 
r TION, AND SLAG AND TAR. 


f The original report of these experiments is to be found in Circular 
No. 92, and the report of an inspection made January 27, 1911, 
appears in Circular No. 94. The inspection from which the following 
information was gathered was made December 10, 1911, shortly after 
‘a thin covering of snow had melted away. 

‘a EXPERIMENTS Nos. 1, 2, AND 3.—B1LAst-FURNACE SLAG. 

a An inspection of these three sections showed comparatively little 
difference between them. Section No. 3 appeared to be a little better 
bonded than the other two, but they all presented a smooth surface in 
the wheel tracks and a nappa rather loosened, surface in the middle 
of the road where horses had traveled. Section No. 2 presented the 
least desirable appearance in the middle of the road, owing to the fact 
that more of the larger-sized pieces of slag were loose and exposed. 
An engineer who has carefully watched the road during the entire 
"year has reported to the office that it becomes rather loose during the 
_ spring thaw, after which it packs down to a smooth surface. There 
ls no annoyance from dust during the summer on any of the sections. 


‘4 EXPERIMENT No. 4.—BLAST-FURNACE SLAG.—OPEN-HEARTH SLAG SCREENINGS. 
This section continues about the same as when the last report was 
made, and presents a hard, well-bonded surface. Its general char- 
acter is superior to any of the others, excepting the one treated with 
f Some slight unevenness has ean caused for a distance of about 
100 feet from the north end of the section, and is evidently due to a 
: Bisttlement i in the fill over which the section was laid. 


Ss 


1 : EXPERIMENT No. 5.—Buast-FURNACE SitaG SCREENINGS AND LIME. 
_ This section had the same general appearance as the adjoining sec- 
q tion described under experiment No. 1. The surface was smooth 


a in the wheel tracks, but rough and inclined to ravel where horses 
a traveled. 


- Bxprenrenr No. 6.—Buast-FuRNACE SLAG AND WASTE SuLPHITE LIQuoR 
: PREPARATION. 


- This section presented a generally good appearance and was appar- 
| Vac ently a little better bonded than the sections described under experi- 
, ments Nos. 1, 2, 3, and 4. 


+ 
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EXPERIMENT No. 7.—B LAStT-FURNACE SLAG AND REFINED COKE-OVEN TAR. 


In general this section appeared to be in better condition than any ; 
of the other sections. While the surface was too hard to be dug | 
with a knife at the time inspection was made, those who have watched — 
the work during the year report that the binder still shows consid- | 
erable life in summer. Several small, loose spots appear across | 
the road at about 80 feet and 100 feet from the north end of the sec- — 
tion at the point where the surface extends over a fill, and there is / 
a general slight settlement from ‘this point across the west side of — 
the bridge over which the section passes. 


~ 
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SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT NEWTON, 
MASS., 1908. | 


ASPHALTIC PREPARATIONS, TAR PREPARATIONS, RESIDUAL OIL AND 
MOLASSES-OIL-LIME. 


Rak ey SE > 


Z 


These experiments are described in Circular No. 90 and reports of — 
inspections have been published in Circulars No. 92 and No. 94. — 
They were inspected again in January, 1912, and found to be in prac- _— 
tically the same condition as when previously reported upon in Cireu- — 
lar No. 94. Sections No. 9 and No. 10 continued to present the best — 
appearance and were well bonded and in excellent condition. No 
repairs had been made on any of the sections since last inspected. 

Section No. 11 on which a mixture of molasses, cil, and lime was 
used still presents a fairly satisfactory surface and was for the most 
part well bonded. | 


ad 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT GARDEN © 
CITY, DODGE CITY, BUCKLIN, AND FORD, KANS., 1908. | 


SAND-CLAY. 


The original report of these experiments is to be found in Cireu- — 
lar No. 90, and reports of inspections in 1909 and 1910 appear in Cir- | 
culars No. 92 and No. 94, respectively. | 

The following are reports of inspections made in 1911: 4 


EXPERIMENT AT GARDEN Cliry. ; 

This road was inspected December 15, 1911, and found to be | 
good condition, except as noted below. For a distance of from three — 
to four hundred feet at the south end, the road is in excellent condi- 
tion—very hard, smooth, free from ruts or dust, and with uniform 
surface and crown. At the junction of the surface with the floor — 
of the bridge across the Arkansas River, the surfacing was broken, 
causing a drop of from 3 to 4 inches. Such broken places were in 
evidence at a few other locations over the roadway, but they were 
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& hard, like pence Near the eee and at two other ness 
along he edge of the surfacing, it was broken from the attack of 
traffic. 

_ This, however, is no fault of the material, but is due to the fact that 
the surfacing does not seem to be wide enough to accommodate the 
traffic. New material has been added during the summer months 
to the weakened places. The whole course has been thoroughly 
worked once with the road machine, and the split-log drag has been 
used after every rain on four different occasions. The road is in 
much better condition than when inspected one year ago and is 
giving general satisfaction. 


EXPERIMENT AT DopGe Crry. 


| The inspection of the sand-clay road in Dodge and Richland 
_ Townships, Kansas, was made December 14,1911. The whole course 
was found to be in generally good condition. New material has been 
_ added to bring the weakened places up to their original condition 
and even with the surface. That portion of the work in Richland 
_ Township was recently given a thorough working with the road 
- machine. The high places in the roadway and the elevations at the 
__ shoulders were pared off, so as to give the roadway a uniform surface 
and crown. The split-log drag was being used to spread a little sand 
_ over the surface, in order to overcome a slight tendency to stick 
and pick up on the wheels after a rain. 

_ That portion in Dodge Township, about one-fourth of a mile in 
| ; length, was slightly rutted and showed neglect of maintenance. The 
drag was not used at all on this section of the road. Several slight 
| depressions were in evidence near the axis of the road, varying in 
| depth from 1 to 3 inches, but covering only small areas. The deepest 
| Done was filled with water from a recent rain and the others were 
| muddy. Otherwise the road was hard and fairly smooth, and gave a 
cine sound from the horses’ hoofs. The whole course is in much 
_ better condition than when inspected a year ago and is giving general 
a _ satisfaction. 

1] EXPERIMENT AT BUCKLIN. 


_ This road was inspected December 16, 1911, and the whole course 
was found to be in good condition. It has been recently repaired. 
_ New material was added where necessary, and the surfaced roadway 
_was then worked over with the road machine, so as to produce a 
Winiform surface and crown. After this a thin ees of sand from the 
| sides was spread over the roadway. It was packing well under the 
_ traffic without developing ruts or cups, and gave promise of an 
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excellent road. At thé junction of the surface with the aac rf th 
bridge across the Arkansas River a drop of from 3 to 4 iri Ret va 
in evidence, but it was still closely bonded. This had been ca 
by the pounding action of traffic and was the only place overlook <r 
in the repair work. 


EXPERIMENT AT ForD. 


The road was inspected December 16, 1911, and found to be - in 
good condition, except as noted below. It had Hovantly been repair i 
by the addition of new material which was not properly spread ov 
the surface, but left uneven and wavy. It was closely bonded ¢ 
practically free from ruts, dust or mud, although it had been expose Sec 
to a heavy rain a few fhe previous to the inspection. ; 


t ‘ 
i, 


SUPPLEMENTARY REPORT OF EXPERIMENT MADE AT INDEPE} f D- 
ENCE, KANS., 1908. i" 


OIL-ASPHALT IN CONSTRUCTION OF EARTH-ASPHALT ROAD. 


The original report of this experiment is to be found in Cireula 
No. 90, and reports of inspections made in February, 1910, and 
February, 1911, are contained in Circulars Nos. 92 and 94. Th 
following chpartt is based on an inspection made December 13, 1911 

Although a heavy rain of 24 inches had fallen on the reall only 
two days previous to the inspection, it was found to be generally in 
fair condition. Tonopah Street was covered with mud to a depth 
varying from 1. to 3 inches over that part disturbed by traffic, but 
the sides were practically free from mud and would bear light traffi¢ 
without rutting. The entire surface on this street was sufficiently 
hard to sustain the traffic without developing ruts other than thos 
in the mud which had been carried on from adjacent. streets anc 
washed down from the higher elevations. 

Minnehaha Street, or the extension of Fourth Street, whe 
soil is decomposed BHAlé and argillaceous sandstone, had the genere 
appearance of an earth road in good condition. Theite was no muc 
on this portion of the work, except at the intersection of a ¢ 08 
street where two places Holdin water were noted. These were foun¢ 
to be only about 1 inch in depth and the material remained hard anc 
intact. The surface was entirely free from dust or ruts caused by 
traffic; but two gullies, one on each side, which were first caused b 
the bisatins of a water main, had Bet to form. No new materia 
has been added nor has anything been expended for maintenane 
since construction. 
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UP PLEMENTARY REPORT OF AN EXPERIMENT MADE AT BOWLING 
a GREEN, KY., 1907. 


KENTUCKY ROCK ASPHALT. 


The original report of this experiment is to be found in Circular 
No. 89, and reports of inspections are given in Circulars Nos. 90, 92, 
and 94. ‘The inspection on which the Brattain report is based was 
made November 23, 1911, during a cold and fairly heavy rain. 

The surface still presented a good appearance, and was firm, hard, 
and generally smooth. The rock asphalt was so thoroughly chilled 
hat it could not be easily dug out with a knife, but local observers 
informed the office engineers that it possesses considerable life in 
summer. The white spots of limestone mentioned in a previous cir- 
gular were still in evidence, but the individual stones were firmly 
veld in place. 

Several small, shallow depressions were noted in the western half 
of the section, but these might have passed unnoticed in dry weather, 
The small cup-hole mentioned in Circular No. 94, however, is now 
about 1 foot in diameter and is to be repaired. 
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LETTER OF TRANSMITTAL. 


U.S. DEPARTMENT OF AGRICULTURE, 
OrFiIcE oF Pusiic Roaps, 
Washington, D. C., April 23, 1913. 
Str: I have the honor to transmit herewith a manuscript of a 
circular prepared by this office entitled ‘‘Progress Reports of Experi- — 
ments in Dust Prevention and Road Preservation, 1912.” This © 
comprises an annual review with full data regarding the experimental — 
field work of the office, and is the seventh of a series of such publ 
tions. I recommend that this document be issued as Circular No. 99. 
Respectfully, 








L. W. PaGeg, Director. 
Hon. D. F. Houston, 
Secretary of Agriculture. 
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PROGRESS REPORTS OF EXPERIMENTS IN DUST PRE- 
‘VENTION AND ROAD PRESERVATION, 1912. 


EXPERIMENTS AT CHEVY CHASE, MD. 


[Completion of 1911 project.] 
_ OILS, TAR PREPARATION, AND NATIVE ASPHALT EMULSION. 


In Circular No. 98, at the conclusion of the description of the 1911 
experimerfts at Chevy Chase, Md., it was stated that, on the east side 
of Connecticut Avenue a ersnoutd macadam ead was built from 
station 16+83 to the District line, and that it was proposed to treat 
this with bitumens applied as surface treatment. This work was 
accomplished during the summer and fall of 1912, thus completing the 
project from the District line to Bradley Lane. The details regarding 
methods pursued, materials used, and cost data were as follows. The 
bituminous materials for all él this work were donated, and the 
ie was made under the personal supervision of a representa- 
tive of the manufacturer. 


SECTION No. 8.—REFINED WATER-GAS TAR PREPARATION—SURFACE TREATMENT. | 


_ The section treated in this experiment is 782 feet long, extending 
from station 9 +01 to station 16 + 83 on the east side of the car tracks. 
It comprises 1,477 square yards of finished pavement. 

_ The bitumen was applied as a surface treatment to a water-bound 
acadam surface which was constructed in December, 1911. The 
| stone used in this macadam was identical with that used in the other 
test sections. Owing to continued dry weather, the surface had 
become slightly dusty. All loose dust and screenings were removed 
_ from the surface with horse-drawn rattan-broom street sweepers, and 
7 the wearing course of stone was everywhere exposed. 

The material was applied cold from an automobile distributor, 
| which was supplied by the manufacturers of the product. The 
t 3 oo was delivered in drums and the distributor was equipped with 
a pump for loading from drums. One application of 0.54 gallon per 
square yard was made and after it had been exposed to the sun for 
a three hours limestone chips from 1 inch to 4 inch in size were spread 
over the surface at the rate of 0.014 eu Bis yard per square yard. 
The road was then opened to traffic. The application was made on 
Ai Bpust 24, 1912, and the day was clear and warm. 
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In the compilation of the cost data no charge was made for th 
of the distributor. The characteristics of the bituminous mat e] 
used in this experiment are given in the following table: ee 























TaBLe 1.—Analysis of refined water-gas tar preparation used on section No. 8. 
Specific gravity 25°/25° CO. 2.22.2 eee eee eee ee ee eee eee ete ene mec 
Viscosity, Engler, 50° C., 50 c. c. specific. ......----.------+-+--+-+-s=enmem 15.5 
Per cent of free carbon .......:...... fer Seowteeees so 2 ere . 0. 

Per cent Per 





Distillation: by volume. by w 

DWVGRGOT fot Sood wend eee Se acetate a rm catd eters wane an a oe 0.0 
Hirst ent oils to 110°. C.-T ee ane = ie rei .0 
Second light oils 110-170° C ..... PO RT ey 
Heavy ola ii0-c10" Ge. sac. ee ne me es ee ee ce ee 129.3 
Heavy.oils 270-315° 0 ope. ae ono ek eee 110,39 
TEP TUTOSVUO anit c. ain tg oiie ovale cn = dw digs +p Sub gees ee ="AS. 8 

Data let istces dobre ben vex fected eer ie eee 100. 0 


Section No. 9.—ASPHALTIC PETROLEUM—SURFACE TREATMENT. 


This section extends from station 4+98 to station 9+01 on the 
east side of the car tracks. It comprises 761 square yards of finished 
pavement. The application was made to seasoned water-bounc 
macadam which had been thoroughly swept with a horse-drawn 
rattan-broom street sweeper until all dust and loose screenings wer 
removed. The road surface was slightly moist, owing to having beer 
lightly sprinkled after it had been cleaned on te evening before the 
a of the application. 

The bitumen was applied cold from a street sprinkler and was 
allowed to lie exposed on the road surface for six hours before chip 
were applied. Where the bitumen flowed into depressions in the; roa d 
surface, it was broomed out with hand brooms to secure as uniform 
distribution as possible. The application was made at the rate of 0.52 
gallon per square yard. Limestone chips ranging in size from 1 inel 
to 4 inch were spread uniformly over the surface in such quantit; 
that 1 cubic yard covered approximately 72 square yards. The roac 
surface was then rolled and opened to traffic. ta 

This section was treated on June 4, 1912. The day was clear am 
warm, and the bitumen had been welt absorbed before the screening 
were mpiidds “ff 

The following table shows the characteristics of the bituminou 
material used: | sof 


2 aa 

1Clear. 

2 Sticky, semisolid. This material contained a small percentage of oil asphalt. A 350-375° C. fraction 
showed 7.5 per cent insoluble in dimethyl] sulphate. 
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‘TABLE (2.—Analysis of asphaltic petroleum 1 used on section No. 9. 
= 


Per Ser of total bitumen insoluble in 86° B. naphtha..................... 9.10 
r cent Ate mee ee ee Bit. se 4,91 


:’ : r cent soluble in CS, (total bitumen).........0.0.2.0.0.0.00ececeeeeeee 99, 88 
mumcent Of Organic matter insoluble.:........2222....-.-.-.... a to Pe ie ae . 08 
P r cent Mummementic matter Insoluble... 7... 5. - ec nae n ee ares eee . 04 


eres 


Section No. 10.—ReEstpuat PETROLEUM—SuRFACE TREATMENT. 


_ This section extends from station 0 + 16 to station 4+ 98 on the east 
side of the car tracks and comprises a treated area of 1,013 square 
yards. The surface of the macadam road was prepared by sweeping 
with a horse-drawn steel-broom sweeper until practically all the 
dust within an inch of the surface had been removed, and many of 
_ the surface stones were loosened or dislodged. The oil was handled 
with difficulty, owing to cold weather and to the fact that it con- 
tained a small percentage of water. It was heated in a 4-barrel - 
heating kettle and, when sufficiently fluid to be applied, was trans- 
fe el ed to a 450-gallon tank wagon. Application was made by 
| means of a special form of distributor attached as a trailer to the 
t nk wagon. The oil fed by gravity to a rotary gasoline pump on 
the trailer and was forced through the distributor nozzles under 
4 about 60 pounds’ pressure. These nozzles were constructed so that 
the stream of oil under pressure struck upon the apex of a grooved 
| cone. The spray of oil was thus broken into the form of a hollow 
one , having a diameter of about 12 inches at its intersection with 
the toad surface. There were eight of these nozzles, spaced at 
Biawva. of 12 inches on a horizontal pipe, so that an 8-foot strip 
could be covered on each trip. The application was immediately 
| ok with screenings, and the surface was rolled as soon as the 
i: Sn section was completed. The tank and distributor were first 
| drawn by the roller, but it was later found more convenient to use 

Lote ams. 





1 Fairly thin fluid, with strong naphtha odor. 


> z b i a 
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This work was done in cold weather, between November 20 
November 22. The fact that the heating plant was inadequat 
that the oil was a very viscous product, some of which contai 
water, resulted in higher costs than should have prevailed for 
experiment. No charge was made for the tank and distributor, which 
were furnished by the demonstrator. Be 

The characteristics of the oil used in this experiment are given - in 
the following table: - 


TaBLe 3.—Analysis of semiasphaltic residual petroleum 1 used on section No. 10. Z 


Specific gravity 25°/25° C....-- 222-2205 ee ce ns pein oe 
Viscosity, Engler, 100° C., 100 c. c. specific ......... 1. <¢-\4) goo ee 
Float test at 92° OC: \(time).-. boc. cbs sos Sse Be 
Per cent of loss at 163° C., 5 hours (20 grams)... 2. 6 2. = seg «nein oo 
Float. test of residue (32° ©.) (time). ...5..<-- 6... 252.5. tees se 
Per cent of total bitumen insoluble in 86° B. naphtha .....................- 
Per:cent. of fixed carbon.... 2... 52.52.22) eee ewe aot = eye ieee oe 


Per cont solublein CS, (total bitumen)-..-2 2.2 oe .-s" eae ee eed 4 ee 
Per.cent. of organic matter insoluble . .. /1..<.4-).. i+ <=. 3 =4- mech eee 
Per cent of inorganic matter insoluble... 0000. = <> daca o-.3¢ 75s ge 


SuMMARY OF EXPERIMENTS IN SURFACE TREATMENT. 


When inspected in February, 1913, it was found, on the section 
where refined water-gas tar preparation was used, that the enti re 
bituminous surface fad worn away, but that the Pides had worked 
down into the interstices of the stone and was still effective as su +h. 
The surface has a mosaic appearance throughout. In one or tw 
places, in the heavily traveled portion of the road only, has this 
surface broken through, causing a small muddy area in wet weather 
An additional surface treatment will be required during the coming 
season. . 

On the section where sere fa oil was used, the surface is still quit te 
generally coated with the bitumen. At several places where traffic 
is concentrated, the bitumen has worn through and at the time 0: 
rains becomes aerate muddy. A surface treatment will be requil re 
to carry this section through the coming season. 

The heavy, semiasphaltic oil ee had, of COUTSE, bealil 
only a short time, but it was apparent that more screenings would b 
required with an advent of warm weather. a 

In the preparation of the cost data, the same unit prices prevai 
as were operative during the earlier period of this project. 


1 Viscous, sticky fluid. 
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a 
- Miterials and cost data for experiments in surface treatment at Chevy Chase, 
a Md. 
Quantity of ° 
i Spee Cost per square yard. 
yard. 

I ui | 

a ad = i > [an eS 

Materials 3 a a 2/¢|4 % 

' ; Eile |8, singes 2 

q a |qai|ics ia © a 2 

° qd nl vo ta BP a- HH bd 

3 o/Elusg|3/218 = 2 

oO ‘ n . 2) D as = 2 DB 

2 = a0 <j oe Sb on op oa ° 

= he | 8 fp ef ee ftir) a gol ay heap 

3 = = Seed sce isn be 1S | a ee fe 

Pee ee ee 1 | a a | eee 

e he Besaech be Lew | ed ead ea 

< £0 RD miantsto|s& Hildial|e)|a cs 





a i | | J | EE TE 


Refined waters Sq.yds.| Gal. |Cu.yd.| Cts. | Cts. | Cts.| Cts. | Cts.| Cts. il Cosel GLSs 

“i tar preparation. 1,477 | 0.54 | 0.014 | 2.70 | 3. 00 A) Bike| eae Cyr Gy 10700 fee ce 7.01 |$103. 54 
9 | co petro- P 

Meieugih...2.....-. 761 .53 Oa Sebo (vos OOn |e SL Ics apt 0.48 |0.63 | .47 |0.33 | 9.43 71.76 
Residual petro- 

5-7) ie 1,013 -79 SOLS fg4o15. 153.82, 1973.12 1.20; ] 2.44% +50. bes8o 1.504113 73 | L1Se82 





























7° 


1 Automobile distributor used; no cost assigned for charging or distributing. 
2 Includes loading distributor. 


_ Section No. 11.—Nartive AspHatr EmMuLs1ion—MacapAamM RESURFACING. 


‘This section extends from the District line at station —1+85 to 
tation 0+16 and has a total area of 388 square yards. It was 
nned to make it a part of the previous section and it was swept 
r this purpose, but, owing to a lack of oil, the work could not be 
: pets. The Birfaco was therefore left 1obee.3 in places and gener- 
yrough. It was spiked up with the road roller and harrowed in 
order to shake down any fine material and leave only the large 
; te nes in the surface. Additional new limestone was spread over the 
face in order to provide a layer of loose stone about 3 inches thick. 
is layer was composed of fragments ranging in size from 24 inches 
my - inch in their longest dimension. 

cA rather wet mortar was then prepared by mixing fine trap screen- 
ings with the emulsion, the characteristics of which are shown in Table 
5 using approximately 104 gallons of emulsion to 4 cubic feet of 
screenings. The mixing was done in a revolving type of concrete 
nixer located at one end of the work, and the mortar was carried in 
heelbarrows, dumped directly on the loose stone, and spread to an 
even surface with rakes. It was spread to a thickness of about 24 
in shes above the finished grade of the road and, as soon as it had 
begun to dry out, as evidenced by a change of Rolo from brown. to 
eer, trap screenings were spread over the surface, and a 10-ton 
‘oad roller was used to force the mortar into the voids between the 
stone. The mortar picked up in clods at first, but these were 
at si oveled back into place and the rolling was continued until only a 
air he of material remained above the surface stone. 

pel793° —Cir. 99—13——2 
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The work on this section was done between December 9 2 
eh 16, and was interrupted by freezing weather and the neces 
for - drying about one-half of the screenings used. These f 
account for a cost higher than it should be. The surface should I ¢ 
been finished by thoroughly sweeping it after it had completely rn 
out, and then applying a flush coat of emulsion followed by s 
ings, but owing to adverse conditions, this part of the work w 
postponed until spring. % | 

The following tables show the character of the trap screenings an 
the analysis of the emulsion used: 7 

















TABLE 5.— Mechanical analysis of trap-rock screenings. 


Passing $-inch screen, retained on 4-inch screen. .......- est | Soy ee percent.. 1: 


Passing }-inch screen, retained on 4-inch screen. ...........-....2--25- doula 
Passing }-inch screen, retained on 10-mesh screen...............--..-- do.. 
Passing 10-mesh screen, retained on 20-mesh screen........--.-.--.---- do: 22a 
Passing 20-mesh screen, retained on 30-mesh screen..............---- ", C072 
Passing 30-mesh screen, retained on 50-mesh screen.............---.--- do. et 
Passing 50-mesh screen, retained on 80-mesh screen...........-.-.----- do... 
Passing 80-mesh screen, retained on 100-mesh screen................--.-d0.... 8 
Passing 100-mesh screen, retained on 200-mesh screen..........--...--- do... 
Passing! 200-meshisereen Ji:. 9/ti.. Joatei(1. 9). wet) ele ee dos. 258 


TABLE 6.—Analysis of native asphalt emulsion used in section No. 11. 


specific pravity 25°/25°O beasts ne adds Apeer Rg- be ti ee ee . 0 

Per cent of loss at 105°C:;5 hours (20 grams) .; 4-52. -..5.08 eee 52.1 

Penetration of residue (100 grams, 5 seconds, 25°C.) [mm].............. as 

Per cent of loss’at 163°C. (additional to above).°.!._.. 2... 9-5) a | 

Penetration of residue (as above) [mm]. .........2....1/.2.0. 02 JOGA ars 

Approximate composition: H 
Watererrass) 00. Cis SIMs 2d . Rea per cent.. 49.5 
Ammonium (NH). wit os Cyaplare cl. AGii he ins tee do... 
BAY ail. TOSIN ACIGS—. 0. <g- seu ee's cr ccc e co se «> pe eee nn dOj acs 
LAI aR Lis vii ibyeplpediemepmmneacmungd ide Rear teaptiey | Selecdaeiens aie eR emp do...) "SG 
Organic matter insoluble in/O8,/1. 4.222. £1. Ee do. (=a 
Inorganic matter. pif? loner. 22 fe Sately 2a57. SES eee dos fies 

Hgtal sin ast a0 a0 -sele nis ale) 281 be ged ahs oh Lids Sie cs ei 


In the cost data which follow no charge for moving or rent of th 
concrete mixer is made; it was furnished by the manufacturer done 
ing the material. The same labor costs prevailed as in the preva Is I 
described experiments, and the trap screenings were figured at § 
per cubic yard on the work 


ey 
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Materials per square yard: 
’ . Emulsion, Soo aca, ages elie geal mma aaiaals 2 plilendamnde = Spt cient tos 

~ No. 1 stone, cubic ics Meee eee ee, es AEST ile TA, 019 
al Screenings, tsaeey ene eA OETA i's 20 12d eae ee 045 


Ce ost per square yard (cents): 

es _Spiking and ug ae MEE ESE BR OEE Se SP ES PE INI A lh" 1.07 
Harrowing. ......... Sa ent Sheer aera: biehiad ec . 50 
ETI eee etre eeres RAPER STNG te SPT LAD DT eG a ae | .47 
ne TethBtOe Aa OLE IGM. ALU Mec] ae EK 4,64 
IE Ste Selirryo sl. 2 an. byw craps . +y yay es fhabdie- + see i cherie - 10. 82 
EST CEE RPS a ne Oy 2 ae ea 4.38 
I a Lk ois 5s wi Se op wp ye cl pe 43. 10 


EXPERIMENTS AT CHEVY CHASE, MD., 1912. 


BITUMINOUS CONCRETE, CEMENT CONCRETE, OIL-CEMENT CONCRETE. 


‘i The 1912 experiments at Chevy Chase, Md., form a continuation 
of the experimental sections denstiucted dining 1911. They were 
conducted upon a section of Connecticut Avenue, 6,195 feet in length, 
beginning at Bradley Lane, and extending oa to the loop of .the 
ei Traction Co. feaehes at Chevy Chase Lake. 

~ The work was begun on September 9, 1912, and was continued 
ntil December 13, 1912, when, owing to SACCADE weather con- 
etcs it was discontinued. A length of 4,561 feet was partially 
, ok -ompleted. This will be completed and the remaining sections con- 

structed i in the spring of 1913. 

_ The section of Connecticut Avenue selected for the experiments 
is on the west side of the tracks of the Capital Traction Co. and 
3 was formerly an 8-inch water-bound limestone macadam road. A 
cobble gutter was laid along a part of its length on the west side, but 
was provided with no outlet in practically the entire length of the 
ee tion. When the experimental work was begun, the road had 
‘worn into a series of large depressions and was in an intolerably 
oo condition. 

_ This old surface was spiked up with a steam roller and broken with 
pppiow and a scarifier, and the excavation and shaping of the sub- 
erade were Hofapleled by hand labor. French drains 3 feet deep 
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along the car track and 2 feet deep under the gutter supplies +i sub- 
drainage where it was required, and the stone removed from the 
road surface was ‘‘shaken out” and used in the drain trench. A 
concrete gutter of the ‘‘barrel” type, 3 feet wide and 4 inches deep Dy 
was laid along the west side of the road, and the distance from the 
outside of the rail to the outside edge of the gutter was 25 feet ¢ 9 
inches. The gutter, as constructed, formed a shoulder for the pav e- 
ments, and consisted of a base of concrete in the proportions of 1 
part by volume of Portland cement to 2 parts of sand and 4 parts 0: f 
gravel, and a top course of } inch of mortar in the proportions of 1 
part by volume of Portland Sha to 2 parts of sand. 
The experimental pavements were laid adjoining the gutter and . 
on the foundation, which were prepared as described above. A 
single contract was awarded upon plans and specifications prepared 
in the Office of Public Roads for the construction of six experimenta ‘ 
sections, as follows: . 


Section 1.—Bituminous concrete (Topeka specifications). 

Section 2.—Bituminous concrete (District of Columbia specifications). 
Section 3.—Cement conerete, surface coated with bituminous materials. 
Section 4.—Oil-cement concrete. 

Section 5.—Cement concrete. 

Section 6.—Vitrified brick. 


Sections 1 and 2 were entirely completed; section 3 was completed 
with the exception of applying the bituminous surfaces; sections 4 
and 5 were partially completed; and section 6 was not begun. ‘d 

The equipment consisted of a concrete mixer of the self-propelled 
rotary-distributor type, two 200-gallon heating kettles, a patented R 
hand distributor, pouring pots, two 10-ton rollers of the 3-wheel 
type, a 10-ton and a 3-ton tandem roller, a scarifier, plows, and hand 
tools. Efficient labor was furnished and the work was done as expe- 
ditiously as possible, but considerable time was unavoidably lost bj 
reason of unfavorable weather conditions and the delayed arrival o of 
materials. 


EXPERIMENT No. 1.—Briruminous ConcrETE (TOPEKA SPECIFICATIONS). 


Beginning with station 0—15 at the south side of the intersection 
of Bradley Lane and Connecticut Avenue, and adjoining the experi- 
mental surfaces constructed in 1911, this section extends to station 
6+20 and contains 1,498 square yards. ‘The-surface of bituminot 18 
concrete was laid upon a cement-concrete foundation, which we 
made up of 1 part by volume of Portland cement, 3 parts of sand 
and 7 parts of gravel. A bag of cement was considered to nati ) 
volume of 1 cubic foot. The concrete was mixed in a mechanicé 
concrete mixer of the self-propelled rotary-distributor type. 


ite Ahite 
if pe 
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te ials were properly proportioned in a charging device or ‘‘skip,” 
was then raised mechanically and the contents were dumped 
the drum. The water, automatically measured in an overhead 
tank, was turned into the drum at the same time, and the conerete, 
after being partly mixed in the drum, was discharged into the rotary 
lis istributor, where the process of mixing was continued until the con- 
rete was discharged from the end of the tube. The flow was practi- 
ca ey continuous, and the distributor was swung across the road and 
e mixer moved ahead in such manner as to place the concrete upon 
he e subgrade in approximately the position desired. It was then 
shoveled into place in such amount as to form when compacted a 
aniform layer 6 inches in thickness. The mass was compacted by 
Emping with concrete tampers, and the surface was then slightly 
mdented by further striking with a rattan broom. 
Before the concrete of the base had taken initial set a shoulder 6 
inches wide and 2 inches deep of cement mortar, made in the pro- 
portion of 1 part of Portland cement to 2 parts He sand, was placed 
| upon all edges of the base except those which abut against the 
| " nerete gutter. 
| The bituminous-concrete pavement was not laid until a month 
| al ter the completion of the base. The surface of the base was then 
| swept clean and all loose pebbles were removed. The bituminous 
concrete was mixed at a paving plant and hauled in wagons to 
the work—a distance of approximately 6 miles. It arrived upon 
the road at an average temperature of 280° F., and was immedi- 
b 2 oly spread uniformly on the base with rakes ‘a such quantity as 
| to 0 insure a thickness of 2 inches after rolling. The first rolling, 
| wh ich was begun immediately, was done by a 3-ton tandem roller, 
and this was followed with a 10-ton tandem roller. The surface was 
finished by sweeping a light covering of Portland cement over it. 
Between station 6+20 and station 4+ 26 the pavement was hauled 
| and laid during a drizzling rain and some of the bituminous concrete 
was in a cold and lumpy condition. 
An effort to secure the proportions specified for ‘‘Topeka’”’ pave- 
Ment was made by using only crushed rock and limestone dust for 
| i aggregate, although it was evident that it would be difficult to 
obtain. the exact proportions without using a certain amount of 
sand. Owing to impending winter weather and the necessity for 
pr prosecuting the work rapidly, the specifications were less rigidly 
int erpreted than they would otherwise have been. 
| From station 0+15 to station 3+19 the mixture consisted of 7.6 
, feet of limestone screenings, 8.8 gallons of asphaltic cement, 
nd Bom 50 to 70 pounds of limestone dust. 
_ From station 3+19 to station 6+20 the mixture consisted of 8 
© ub: vic feet of trap-rock screenings, 9.3 gallons of asphaltic cement, 
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and 60 pounds of limestone dust. Complete analyses ot b 
tures are given in the following table: ie oa ¢ 


TABLE 8.—Analyses of ‘‘ Topeka” bituminous-concrete mixtures. 


Limestone. Trap ro 











Bitumen soluble in CS, (total bitumen)..-..............-percent.. 7.1 
Mineral aggregate passing ?-inch screen, retained on $-inch screen, 

Ee CONG. soci es 2 ak ns eye ens nal aw oe epee «ee ene ene 1.8 
Mineral aggregate passing 4-inch screen, retained on }-inch screen, 

Her icenbse Two LE Gece PL Bee ee, Le 11.3 
Mineral aggregate passing }-inch screen, retained on }4-inch screen, 

DOT OOD biases. ed Webi Mine aD Scie bayer a ell ce 20.5 
Mineral aggregate passing }-inch screen, retained on 10-mesh screen, 

OS CON Geo Re wn eee a ee seen ao a met ey scam oo oie alee ore er 14.5 
Mineral ageregate passing 10-mesh screen, retained on 20-mesh screen, 

per cent.is.h. 2. 5. SLOAN I ee 15.8 
Mineral aggregate passing 20-mesh screen, retained on 30-mesh screen, 

MOTO COMI Se Be. Ree Dee ee oe Ree eed 5/8 
Mineral aggregate passing 30-mesh screen, retained on 40-mesh screen, 

EL COD noite gic vax a= mial< fae « com aie S Selene eee on 3.8 
Mineral aggregate passing 40-mesh screen, iegantel on 50-mesh screen, 

POLCONb se ooa. 5s. ss seee ty. id. dat ee ees. Ge: Se 1.6 
Mineral aggregate passing 50-mesh screen, retained on 80-mesh screen, . 

el ae Se ee, en ee | . meee See ee 3.3 
Mineral aggregate passing 80-mesh screen, retained on 100-mesh 

BUTE fire ra n a  ae de - = oats cum Fe eee «oe te a percent... 1.5 
Mineral aggregate passing 100-mesh screen, retained on 200-mesh 

BOReOn ARPA Lf... OLLIE EE Os AE) A per cent 2.9 
Mineral aggregate passing 200-mesh screen...........------- doz. twelOal 

SUN ESEME miaisin < are phe’ ~:+' = = = DER sc sala ae do.... 100.0 10 0 


The binder was a fluxed native asphalt having a penetration 
from 6 to 6.5 millimeters at 25° C. The general characteristi¢s | 
a sample are given in the following table: d 


TABLE 9.—Analysis of fluxed native asphalt used in experiments No. 1 and No. 4 


ppecifie pravity 25°/25° C.... 2.1.23. See cree wes le ele mene eee a 
Melting point’ 0.5... 522) 2A s, BION TOGO) Bae S10 5ae 3. | 
Penetration (25° ©., 100 grams, 5 seconds) [mm.].................-- 18S Be 
Per cent, of; loss ati168° C. (20 prams )woo!s ‘ss. cevds <4 ad emeeee ee 
Penetration of residue (as above) [mm.]......,.....¢...-..-.-- ase, ae 
Per cent of total bitumen insoluble in 86° B. naphtha 
Per cent of fixed carbon 


a 


Per cent soluble in CS, (total bitumen) 
Per cent of organic matter insoluble .2:.2..:-......4.-<2-J-0..44 Se 
Per cent of inorganic matter insoluble 


eeeeenreer amen eec ree ees obs weees eee eee mee an ese ss & & © 6 @ oe eee 
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PERIMENT No. 2.—Brruminovus Concrete (Disrricr or Conumpra SPECIFICA- 
TIONS). 

































: a his section extends from station 6+20 to station 12+50, a 


as stance of 630 feet, and contains 1,400 square yards. 
vA cement-concrete base and a pwoh by 6-inch mortar shoulder 
were constructed as described under experiment No. 1, and, as in 
that experiment, a delay of one month was experienced before the 
bituminous-concrete pavement was laid. 
~The surface of the base was swept clean prior to the application 
of the hot material and the latter was then spread uniformly over 
the base and rolled as described under experiment No. 1. The part 
of the section between stations 6+20 and 7+00 was laid during the 
rain mentioned under experiment No. 1. 
iy. The bituminous concrete was mixed at the paving plant about 6 
‘m1 es from the work, to which it was hauled in wagons. From station 
6+20 to station 9+04 the mixture consisted of 7.6 cubic feet of 
‘crushed limestone, 4 cubic feet of sand, 60 pounds of limestone dust, 
and 9.3 gallons of asphaltic cement. From station 9 +04 to station 
-12+50 the mixture consisted of 7.6 cubic feet of crushed trap rock, 
4 cubic feet of sand, 50 pounds of limestone dust, and 8.2 gallons of 
asphaltic cement. 
_ The asphaltic cement was the same as that used in experiment No. 
ag the analysis of which is given in table 9. The characteristics of 
F he other materials used in experiment No. 2 are given in the following 
ppl: 


TABLE 10.— Mechanical analysis of crushed rock used in bituminous concrete for experi- 


Bar, ment No. 2. 
Pr Limestone... Trap rock, 


Passing 14-inch screen, retained on |-inch screen. ....... percent.. 4.3 5.8 


Passing 1-inch screen, retained on }-inch screen. sat PLEO. = 33,020) OMe 27.7 
Passing #-inch screen, retained on 4-inch screen..............do.... 34.4 38. 6 
?P Assing 4-inch screen, retained on }-inch screen. Saws ae or OULU 24.6 
g. Passing 4-inch screen, retained on $-inch screen. see aea eek 2) FLORES 2.5 


Passi ng 4-inch screen, retained on 100-mesh screen......-.--. ao nis tob72 4 
SNE TAUO-INOSD SCPOOD. |. ys, Llane lien veel ee eee eee ee do. i, a) 4 


ne Sere Sets aes rede: SUE, 2 dg: 2. 10079 100. 0 








= Tanr 11. —Analysis of sand used in bituminous concrete for experiment No. 2. . 


NNR RP OWKR OK OC 





Passing 4-mesh screen, retained on 8-mesh screen. é patkl>. sip aieb@ - sDOP(CODLemimar 
Passing 8-mesh screen, retained on 10-mesh screen..........-.--------- fae ees, 9. 
Passing 10-mesh screen, retained on 20-mesh screen.......-..---------- down. oes 
ai asing 20-mesh screen, retained on 30-mesh screen.......-.---.------- Gy: sate 
P assing 30-mesh screen, retained on 40-mesh screen...........--------- a a ue 8. 
Passing 40-mesh screen, retained on 50-mesh screen..........--.------- dO; cc.a ee 
Pa ssing 50-mesh screen, retained on 80-mesh screen.........--.-------- AQ. J5je hoe 
”: -assing 80-mesh screen, retained on 100-mesh screen.........-.-------- dos al-yaue 
Passing 100-mesh screen, retained on 200-mesh screen.........-.------- doscrss eat 
gpesing Te De ie hau titers aod scare eases CF eters hr 


Potal...... ocak vice Tk declbn ecu cun'e do.... 100.0 
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The following table shows the average analyses of material t 
from carts: 


TABLE 12.—Analyses of bituminous concrete used in experiment No. 2. “7 
Limestone. Trap rock 


Bitumen soluble in CS, (total bitumen)..................- percent... 6.7 
Mineral aggregate passing 14-inch screen, ; retained on l-inch screen, . 

POR CONG! oo pie oi Ss in ian ain @ women app\nie oom = See lee eee a 2. 1 
Mineral aggregate passing l-inch screen, retained on #-inch screen, 

DOr Cen tis Foci s 25 ek alc = a> pig bie oe ee 13. 2 
Mineral aggregate passing ?inch screen, retained on 4-inch screen, ; 

per cen te wees SM. Sep egaeie ce -- 16.7 
Mineral aggregate passing 4-inch screen, retained on 4-inch screen, 

PGE COM bashes Fs | en thighs ~ tie a Bis ae sane aa tea ik aie ee 13.5 
Mineral aggregate passing }-inch screen, retained on 4-inch screen, 

NPOTACED baie Sistn ww oo ie sly ee awed we cee ces eee ee db iy 
Mineral aggregate passing }-inch screen, retained on 10-mesh screen, 

er center *). 2... CURIE URS A eee «66.5 
Mineral aggregate passing 10-mesh screen, retained on 20-mesh screen, 

WOTOeENt fesse bwis slew sae 4 es deeinc> Ava hee eee 7.6 
Mineral aggregate passing 20-mesh screen, retained on 30-mesh screen, 

TIGO GOD Ge ahein ciaia's os» pucsw bis Uren pla, Sia" einai ce ev a eee 3.5 
Mineral aggregate passing 30-mesh screen, retained on 40-mesh screen, 

per cent, mck. oN oP EA AM CUE eek ee 3.3 
Mineral aggregate passing 40-mesh screen, retained on 50-mesh screen, 

MeTiCenti tale si). elt Sees. oe. Chae 104-2220. 3 eres ees 2.0 
Mineral aggregate passing 50-mesh screen, retained on 80-mesh screen, 

ET oe ois nda ok -, SIRI els a ae ee er 4.1 
Mineral aggregate passing 80-mesh screen, retained on 100- mesh . 

SEB SAS teed hora cao oe, w oe ee aden ee eee percent... Ll 
Mineral aggregate passing 100-mesh screen, retained on 200-mesh 

STOO oh sc... sae a ve so aml ee ee eee per cent... 2a 
Mineral aggregate passing 200- mesh BCY@ell 7222) oo ee aes doe 

Totaler. co. ls... sew cco veel OOLIe CaN tee ane denne eee do.... 100.0 


fluxed native asphalt of the same general character as that used in 
the body of the pavement was applied as a seal coat by means of 2 
patented hand distributor. The seal coat was immediately followed 
by a layer of clean stone chips, after which the surface was rollec 
The average temperature at the time of application was 35° F., ane 
the bitumen hardened immediately upon touching the eg 
was therefore impossible to effect a uniform distribution of ~ 
material. 


, 


a! 

EXPERIMENT No. 3.—CEMENT Bree ene BO Ree Cowie WITH Brroanvou 
MATERIALS. ; 

This section adjoins the one just described, is 1,253 feet in length 
and contains 2,837 square yards. The concrete was mixed in th 
mechanical batch mixer described under experiment No. 1 in th 


proportions of 1 part of Portland cement to 12 parts of sand § a 
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s of coarse aggregate. Between stations 12+50 and 15+84 and 
het etween stations 21+60 and 25+03 a gravel aggregate was used 
y vhich consisted of particles of stone well graded 1 in size between those 
1 otained on a screen having 4-inch circular openings and those passing 
ascreen having 13-inch circular openings. It was also provided that 
‘not more than 75 per cent should pass and not more than 75 per cent 
' be retained on a screen having #-inch circular openings. Between 
stations 15+84 and 21+60 a tic limestone aggregate was used 
which consisted of that part of the run of the aerial which was 
retained on a screen having }-inch circular openings and which passed 
-a screen liaving 13-inch circular openings. The method of mixing 
was the same as that described under experiment No. 1, except that 
a peter quantity of water in an amount necessary to give the con- 
d crete a ““quaky”’ consistency was added. The concrete was spread 
evenly over the subgrade with rakes and shovels to a depth slightly 
greater than the finished thickness of 6 inches, and the surface was 
4 then ‘ ‘struck off” by means of an especially etn “strike board.” 
After this the surface was finished to true grade and cross section with 
_ a wooden float. The floating was done from a bridge which rested 
upon the side forms and the concrete gutter and could be advanced 
as the work progressed. Joints between the days’ work were formed 
by placing a 3 by 6 inch plank on edge at an angle of 80° to the 
center line of the road. Before continuing the work of laying the 
concrete the plank was removed and the face of the joint was washed 
with a 10-per cent solution of muriatic acid, followed by water. 

_ As soon as practicable after laying the pavement it was covered 
with canvas and was so protected until the concrete had thoroughly 
| set. The canvas covers were then removed and the concrete was 
| covered with a layer of loam or sand about 2 inches in depth, which 
‘was kept thoroughly wet for a period of eight days. The covering 
was allowed to remain on the pavement for a period of 15 days, after 
V which it was removed whenever it was convenient to do so. Loam 
Was at first used for this covering, but it was found to be difficult to 
remove it entirely, and sand was therefore adopted as a covering on. 
all sections which it is planned to cover with a bituminous carpet 
coat. This coat was omitted from the original construction on 
account of cold weather, and the work will be done in the spring 

of 1913. 








EXPERIMENT No. 4.—O1L-CEMENT CONCRETE. 


This section was constructed in two parts aid is not yet com- 
pleted. It adjoins the former section at station 25+03 and extends 
to station 33+60, where it is interrupted and is continued from sta- 
tion 42+50 to station 44+61. The length of the part constructed 
S 1,068 feet and it contains 2,430 square yards. 

91793°—Cir. 99—13——3 
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From station 25+03 to station 27+29 and from station 424 +E 
station 44+61 a coarse aggregate of crushed limestone was 1 
From station 27 +29 to station 33 +60 the aggregate used was ¢ 
























were ‘hie same as described under experiment No. 3, with thes excep 
tion that a light residual petroleum, having the chintactshsties re} 

resented in Table 13, was mixed with the concrete to the amount 0 of 
5 pints per bag of cement. | 


TasLE 13.—Analysis of fluid residual petroleum used in oil-cement concrete for expel 

ment No. 4. 
Specific gravity 25°/25° °C. t -.. SOR SS fi aM 
Viscosity, Engler, 50° C.,:100 ce: specifics... soc. .22 0. Jas. 2 
Per.cent ot loss.at163° C.(20. prams). 20+ s- ste - es -sa tee hs. «yk > nn . 
Float-test of residue, 32° C.\(time). -:....2-25 4-2-2022. eer 
Per cent of total bitumen insoluble in 86° B. naphtha. .................--. 
rer cent of fixed carbon. si 2r. Io SASS A oe ee ae oe ee 


Per cent soluble in CS, (total bitumen)..........-... os one op tc 
Per cent of organic mattér insoluble... /. 5. Josh oc. se os a gels 
Per tent of inorganic matter insoluble: .° 2.200552. 2 Sit. ees es 


The total length of this section as planned is to be 1,350 feet. 1] 
remaining length will be constructed in the spring of 1913 and th 
surface of the section from station 25+03 to station 31400 will 
also be given a bituminous carpet coat at that time. S 


EXPERIMENT No. 5.—CEMENT CONCRETE. 


This section les between the two parts of experiment No. 4 anc 
extends from station 33+60 to station 42+50, a distance of 89 | 
feet. It comprises 2,011 square yards. The materials used and the 
method of construction were the same as described under peti 
No. 3. 

The remainder of this section, to a total length of 1,350 feet, ° 
be completed in the spring of 1913. No bieumingne carpet be 
will be applied. il 

Si 

No work was done on this section. It will be constructed in th 

spring of 1913. | 


EXPERIMENT No. 6.—VITRIFIED BRICK. 


SUMMARY OF 1912 EXPERIMENTS AT CHEVY CHASE, MD. v 


When inspected in March, 1913, all of the surfaces were in exce 
lent condition. ‘Transverse contraction cracks had develope 
throughout the length of the gutter and at varying intervals thre ug 
out the several sections of concrete pavement. About 50 per ¢ 
of the cracks in the latter had formed at the same point as crae r 
which had already developed in the gutter before the pavemen 
laid. Pavement cracks occurred at less intervals throughout 
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plair . gravel and oil-cement-gravel concrete than in the sections 
‘wher limestone aggregate was used, but this may possibly be due 
o the fact that the latter sections were laid in colder weather and 
were consequently less liable to contraction from a fall in tempera- 
ture during the early period of hardening. 

In connection with this experimental concrete roadway, an inter- 
esting set of observations is being taken on the change i in length of 
the concrete. It is hoped that by accurately measuring the change 
‘in length of the concrete roadway, due both to temperature and to 
“moisture, data of practical value will be obtained to permit more 
efficient spacing of the so-called expansion joints. In the experi- 
mental road at Chevy Chase, measurements will be taken over sec- 
tions of plain concrete with oravel, limestone, and trap-rock aggre- 
gates, over sections having bituminous coatings, and over sections 
of oil-mixed Portland cement concrete. For this purpose brass 
plugs 5 inches in length and three-fourths inch in diameter are being 
_ embedded i in the concrete just before the final floating and are spaced 
in double rows 5 feet from the sides of the road, one row with a 
— 10-foot spacing and the other with a 50-foot Sicines The latter 
are for making lateral readings. The tops of the plugs are drilled 
with a zs-inch hole and are protected by means of a brass collar 
into which a plug of putty is inserted. , 

4 Measurements are taken from plug to plug by means of a specially 
designed 10-foot strain gauge. This instrument, which was designed 
_ to give an accuracy of yo, inch in 10 feet, consists of two 4-inch 
tubes, one of brass and the other of steel, i elaaady in a double brass 
casing, with diameters of 3 inches for the outer casing and 2 inches 
_ for the inner casing. The ends of the instrument are supported by 
‘f castings containing hardened steel points, and one of these castings 
is fitted with two micrometer heads and the other with two hardened 
steel plugs with flat ends. eae are taken by resting the two 
4 Points of the instrument in the ;-inch holes drilled in the embedded 
| brass plugs. The double eines! one of steel and the other of brass, 

are used to take care of teripernitte changes as readings are ieee 
at different seasons of the year. The instrument has been carefully 
- calibrated by reading on a steel gauge bar immersed in water at a 
- constant temperature. Steam was passed through the inner casing 
and readings were taken upon micrometers, and finally cold air was 
dikewise passed until the bars had both Beoh reduced to the same 
| a “temperature, when micrometer readings were again taken. From 
| the result of this calibration means are at hand for judging the 
| hs average temperature of the tubes from their measured difference 
in length and a very accurate method is furnished of reducing the 
‘Micrometer readings on the road to what they would be if the tem- 
| perature were to remain constant. 
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The following approximate costs to date are given, althoug 
will be subject to revision when the project is completed and s 
items of miscellaneous and overhead charges can be properly r 
tributed. The final tabulation of materials and cost data will the 
fore appear in a later report. 


TasLe 14.—Approximate cost of 1912 experiments at Chevy Chase, Md. i 


UNIT COSTS. 
Materials delivered on road: 


Gement:(per ‘barrél) 7. 135. Sti tot. BG eee ees ee ee 
sand (per;ton).i. 2.400 ateil. add: ee -wed oy - Tat ae a 
Gravelitper Lon). 232 527). -e vec ow oak bee a 
Limestone: (per ton)... 20s 252%. Sow Mele oe acs ag er z 
Water furnished free from hydrants along road. 
Labor (per hour): 
Unskilled ss. si 0... 22st LPO UDI TRS 
Cement finisher visit sce) .. cee veep - doses ee es 
EDLETCAU (Ve) 2\ 1: peek aE CORED Peary SMS ae cI Pee: 
Carpenters... . ei w= oy gee Gc ep tes betes oe ee 
PIURUUAL To occ OE ho ans Sp oe eee ne ae eae ee rs = 


APPROXIMATE COST PER SQUARE YARD. 


Experiments Nos. | and 2: 























Grading and shaping va sree ozcl. yey tnnse bwin s ithe <a ess ae 
Coneréte base... 2... i200 eee ey ace eee ie eee 
Bituminous concrete— . 
Mix-at plant. 22:07. ree aoe eee Cee eee ee eee 1 43 
Hauling from plant'to road iv. F221 3... SQUARE Sede Soe t19 
Layings?. 20.00 eG ie ee 16 
Superintendence and miscellaneous.................---- tA hee 
RTS Sal Gah ale eee pipet Re A. RON” BA heey g © nw side's 0 od ee 
Mortar shoulder, 2 by 6 inches (per linear foot). .......-....-- iittala 
: Gravel 
Experiment No. 3: aggregate. 
Preparing founda tionivn:/. onic Lacetaclat aa bb ait 3 bee pee 19. 80 
Comerete pavement... by ia. Sus ccs oo ce ae cle eee 94. 34 
Protection of. pavement after laying...2-22 2... 4-4. =) pee 1.55. 
superintendence... 00. cre he eee a ee r en eon. Sete eee eee 14, 89 
Miscellaniedus 425% 52210 OGG) OIL Ls Sy ee Bee 11. 43 
ele Thee Deas og ao oo = aah qunlc aicie = mce/a'e ce «wick sheen 142. 01 
Experiment No. 4: 
Broparane FOUN BON. < oo 6p nb ks ah ee to ee 19. 80 
Oil-concrete pavement. 2... s22.. Lock eee Pee eee ee ) "VORFG0 
Protection of pavement after laying................21......-. 1. 55 
Superiritendénce!)/ 7... 2A .G62eus eon doe ce, oe 14. 72 
Mistallanso uss dice di-). dagh ckroustlic candle ces chen 11. 43 
Total.) i). OCS Of EO ir ee ree 149. 50 
1 Estimated : 


| a a 
pt Sag} Y 
a is. o F 
ee eth» 
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Dp Bactisting No. 5: Abreenatl areata 
~ Preparing MRR ete Po A yiche vic gn tin b 19. 80 19. 80 


ee ee 94. 34 97. 34 
4 ection of pavement after laying........................-- 1..55 1. 55 
I CTS SR SA a eg 14.50 14.50 


TE Ns Lac aaa a arn 11. 43 11. 43 
RE Snore MN Hi Way rey Weed, 141.62 144. 62 
0 SSE lo) Braun 60.00 60.00 
e.. EXPERIMENTS AT WASHINGTON, D. C. 

| TAR PREPARATION AND OILS—-SURFACE TREATMENT. 

















* The following series of experiments was conducted on the roads 
t traversing grounds of the Department of Agriculture, Washing- 
ton, D. C., for the purpose of obtaining comparative data on several 
well-known bituminous materials adapted to cold-surface treatment. 
The roads selected had been entirely resurfaced with limestone 
macadam in the fall of 1911 and are 16 feet in width. Although 
s subjected to only a moderate traffic of light delivery wagons, carriages, 
and automobiles, the surface had worn perceptibly during the summer 
of 1912, and the repair of a number of small depressions was necessary 
] Bore the surface treatments were applied. 
In June, 1912, the entire area of these roads was treated with a 
iieses- lime mixture, using the same proportions as given in Cir- 
ct ar No. 98 for the treatment of Bradley Lane. A steel sprinkler 
was used and the mixing was done directly in the SPEAR: The 
cost of the application, including repairs to the surface, was 2 cents 
per square yard. The treatment was followed by heavy rains covering 
mepetiod of about 10 days, which washed most of the application 
from the surface and the roads soon became dusty. 
The following experiments were conducted during the last week 
in October, 1912. Owing to rather cold weather during this period, 
all of the materials required a slight amount of heating, which would 
not have been necessary earlier in the season. 
_ The road surface was in all cases thoroughly cleaned by sweeping 
with hand push brooms; all holes and depressions were picked out 
lean to a depth of 24 or 3 inches and filled with new stone and screen- 
| which were ‘‘hand-tamped” into place with sufficient water to 
1% ake the patch secure. The bitumens were all applied by means of 
| a a 750-gallon pressure distributor, in which the pressure was produced 
bE by means of a rotary pump operated from the driving wheel by means 
| of a chain and sprocket. It was drawn by four horses and a pressure 
f from 60 to 75 pounds could be easily maintained. The oil was 
driven upon the road in the form of a series of fan-shaped sprays 
laving a width of approximately 9 inches at their intersection with 
he surface. Hight nozzles made it possible to apply a 6-foot strip 
r each run of the distributor. The materials all came in 50-gallon 


‘ drun s or barrels which were rolled by hand up an incline of planks 
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and allowed to drain from the bung into the manhole of t the 4 is 
tributor tank. “sgt 
The application was covered with a layer of screened ands washed 
river gravel, and the mechanical analyses of two grades used are 
shown in the following table: 
TasBLE 15.— Mechanical analyses of gravels used in surface-treatment experiments. 


ee 
ine, 
rey 





Coarse, sections 
section 1. 2, 3, 4. 
Retained on 4-inch‘scréen TOA AR. TM. Ras per cent.. 16.0 Z 
Retained. Olint-INCH, SCTCCN a4 oe eee 2s a> Voi eee - CD. -censninelbt ene 
etaiied Ol s-1NCh SCreehs o.oo cadens See eee eee do... tee 
Retained-on} 10-meshisereens: :). ca: V2 27 AES -T dosze. .6 
anamer 1 Oomesh orien. a2 de o> Oe eee ee ee a (ope 4 
Votaks 07st, aril pAanagess ieee 2 Bee do.... 100.0 


Ssection No. 1.—REFINED WATER-GAS TAR PREPARATION. 


This section runs parallel to Fourteenth Street and at its north 
end intersects section No. 2. Including the triangle at this north in 
tersection, it has a total area of 1,318 square yards. The distributio1 i 
was somewhat uneven, and it was thought best to defer spreading 
the gravel for a day in order to allow the tar to penetrate better and 
be broomed more evenly when the sun had rendered it more fluid. 
A heavy rain came on and the wind brought down large quantities 
of leaves which adhered to the sticky surface. After two days these 
were removed as much as was possible by raking, and the gravel was 
spread while the section still showed small pools of water throughout 
its length. Most of the gravel for the north half of the section 
was dried, but, when rain came on again, the drying was discon- 
tinued. The coarse gravel was used on this section, excepting for a a 
short stretch at the south end, where the finer grade was used. a 
thorough rolling the section was opened to traffic. ts 

The been oteristic’ of the tar used in this experiment are show 1 
in the following table: 


TABLE 16.—Analysis of refined water-gas tar | used on section No. 1. 
Snecilic gravity 25°/25° Ci. oo oe ee ee ee La 
Viscosity, Engler, 50° C., 50 c. c.-specific..............0-6--2ss¢.) ene 
Per cent of free carbon:(insoluble in’OS8,)0))s3 2.2.2.0.) 22 ee 





Distillation: 4 fee <deea by w 

EE I A SMT MIME ERN Sr aia oS 0.0 
first light otls to 110° (6, (clear)... oo. Ss ee eee oe 
Second light oils 110-170° C. (turbid)... 22.22.20. 0222. 1.9 
Heavy oils 170-270° C. (slightly turbid)... .2.........0.0040. 21.4 
Hesayy «oils 270-3159: C a(elear), ities. wh is bsrexy ceeeeee 214.5 
(etre GU La ae Cn a, arma mreg rT 61.6 

LOH; esses} oti cabo pl). 4: earhye tO. sc bade cere eae 100.0 


1 Rather viscous, sticky fluid, 
* Showed 7.5 per cent insoluble in dimethyl sulphate. A 315-350° C. fraction showed 10 per cent 


350-375° C. fraction showed 7.5 per cent insoluble in dimethyl sulphate. The material therefore obits 
a Small percentage of oil asphalt. ) om 
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Section No. 2.—AsSPHALTIC PETROLEUM. 




























et tion No. 2 connects Thirteenth and Fourteenth Streets. It is 
feet in length and has an area of 1,129 square yards. The 


ch haracteristics of the oil used are shown in the following table: 
aes 


Bar TABLE 17. Pe alire of asphaltic petroleum! used on section No. 2 

4 i 

Specific Berar: 20, (29 @2onrasl AA Aes QO, AUPTON Etc bes eee 0. 947 
I ee eal cic ai Sun ona oc ppm oe wie wie ee ees 32 


Peet Bert iis Sorbie .G.liow J. od. Illasad. &. &..0/. tl 68 
Sumerinengier; 20° ©.) 50, ¢.; cl specific. 423-011) usjsident-..3-. 2.0. 88.1 
Bement of loss at 163° C ioo.....:.-.---.-.---.- SO a ke ey SRR TR ieee 28. 06 
: SITIO) CLIN G40. oe om ce op ee ep ve oe te ee ee Soe 1? 457 
+g cent of total bitumen insoluble in 86° B. naphtha..................... 8.88 
er ETAL CUI DIY ae, Pacer. Se SPIE Bl 2 OY ren) 4. 84 
7 SS 
f a Semtesouble in OS2 (total, bitumen).- )iailyseres saeee - ey ewns wa owe. 2 99. 88 
Seeeeont Of organic matter insoluble +... 01)... 0-202 de ene cede eter een ben 08 
Seeeeons)O1 inorganic matter insoluble...............-0.----2-- eee ee ee eee ne . 04 


be The application was immediately covered with the fine gravel, 
but owing to a failure in the delivery of this material the gravel was 
spread very thin at first and more was put on during the next few 
days as it was received. Practically all of the gravel on this and the 
tw o sections which follow was wet when spread. 

shy Section No. 3.—ReEsIDUAL PETROLEUM. 

a Becction No. 3 is an extension of section No. 2 and connects Twelfth 
and Thirteenth Streets. It has an area of 711 square yards. The 
¢ haracter of oil used is shown by the following table: 

. Tasre 18.—Analysis of semiasphaltic residual petroleum? used on section No. 8. 


pee Berea oD Mh. guaran . asausrye- sc. cesta asnerd- 4c. ee 0. 957 
ash ROU Se Mr ea a oe gS oe cis he nhs ome aa 167 
Burr ing Sumner raat. MII IONBE 8 PINE, ON 998 a Ae 198 
eesity: Serer, DOT OOO Micaepectiid... IG! . cirusil. ik ston. Jeg 43 
Per cent of loss at 163° C. ae ieee APRs Ad cs - this - oe5--2 4d tas See ofthe SL 


« 


EE ACUTE ee a a ee Se i ed ae me's So ge 2 wine viele oe 1. 47 
pega ( 

Per cent soluble in CS, (total bitumen) .............2...20.0-0ee0eeeee sees 99. 92 
cet of organic miatterinsoluble tise 2113. iste oslecushi Piers 2k 05 
ser cent of inorganic matter insoluble .........-.-.------++-++-++---+-- ane 03 


1 Thin fluid, with strong naphtha odor. 3 Slightly sticky fluid. 
2 Soft, with slight flow. 4 Residue too fluid for float test. 
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The application was immediately covered with the fine gravel 
and the surface was rolled the following day. The oil began to 
“bleed” after a few days, producing a sticky surface when the nig. 
became cold, and small strips were picked out by automobile ti 
The surface therefore received a light application of sand on three 
separate occasions. 


Section No. 4.—ASPHALTIC PETROLEUM. 


Section No. 4 is parallel to Twelfth Street and runs south from 
section No. 3. Including the two arms of the ‘“‘Y” at its north en d 
it has a total area of 1,330 square yards. The oil was applied to 
such an extent as the road surface would retain, but, owing to the 
lower viscosity of the material, a single application could not be 
made as heavy as with the materials used on the previously described 
sections. Fine gravel was applied a few hours after the application 
was made and the surface was rolled the following day. 

The following table gives the characteristics of the oil used: _ 


7 


4 


TABLE 19.—Analysis of asphaltic petroleum) used on section No. 4. 


DBpecine gtaviby 20° (20°C. eee wn, fae ee se ee eee eae ete tee 
lash point-9 ©. 2.202 U ed 2 
Burning point! ?-C. ins. . ae. Fe we Jee. Die a ee 
Viscosity, Engler, 25° C., 100 c. c. specific............ we eve thy meee Eee 
Per-cent-of loss at 163. °C., .- sc gees bocce co. ee ae. 
Float test. of residue 50° C.. (timeé)*: s.2 5. se lacic cece oid b oe cys stm cele ae 
Per cent of total bitumen insoluble in 86° B. naphtha................ 3 Mee 
Per-cent-oi fixed ‘carbon... ... once - 5 os <5 0s emda speek «esc's'a 2 eo ee 


Per cent soluble in C8, (total bitumen)... ....-....2 0). oe 
Percent: of organic matter insoluble ->. 2.02 22208 Bote oe 
Per cent of inorganic matter insoluble........... SAR ob DAY Oe 


SUMMARY OF EXPERIMENTS IN SURFACE TREATMENT AT : WASHINGTON, D. CG. 4 


All of the sections presented a satisfactory appearance wher 
inspected early in March, 1913. The gravel pebbles have Bee re 
a mosaic effect on all af the sections excepting No. 3, where t 
gravel has been covered by a sand and oil mat. Siete No. 3 hi : 
also shown a tendency to become quite muddy after a rain, al 
this trouble is not as evident as it was at first. The muddy conditio: 
is only of short duration and the surface soon dries out, forming 
smooth mat under traffic. Thesurface of section No. 2 has also broke 
up in a few spots less than a foot in diameter, but this has evidently 
been due to the fact that the oil was not uniformly covered with gray ve 
and a few small bare places were left unprotected. 


1 Thin fluid, with strong naphtha odor. 4 Slightly sticky. 
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SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT CHEVY 
‘ CHASE, MD., 1911. 


at 
TARS AND NATIVE AND OIL-ASPHALT PREPARATIONS. 


> i 


_ The original report of these experiments is given in Circular No. 
_ 98. The following report covers the condition of the experiments 
up to February, 1913. 


Section No. 1.—REFINED CoAL TAR—PENETRATION METHOD. 


_ At the time of the last inspection the seal coat had practically 
entirely worn off from the surface of this section over a width of 
- about 20 feet out from the car tracks. This is the traveled portion. 
_ The remaining 20 feet, which is subjected to but slight travel, is still 
in perfect condition. During the summer months several ruts 
appeared in this untraveled portion. This was probably due to the 
fact that the stone heaved slightly as the tar became warm under the 
action of the sun. With the passing of a heavy load a rut ? inch 
deep was formed and cracks in the surface extended from 2 to 3 
inches out from the rut. A surface treatment corresponding to the 
_ application of the seal coat will probably be made in the spring. 


Section No. 2.—REFINED CoAL TAR—MODIFIED GLADWELL METHOD. 


Owing to excessive ‘bleeding,’ this section was treated with 
} a several times during the season to take up the surface tar. 
Just prior to the last inspection the surface was very hard and 
i3 smooth, and a light coating of chips was spread to prevent horses 
from slipping on frosty mornings. The application of these chips 
; ‘was considered supplementary construction and not repair, and the 
| charge has been made for it accordingly. At the present time this 
| _ section is in excellent condition. 


| Section No. 3.—FLuxep Native ASPHALT—PENETRATION METHOD. 


| & - No repairs were made to this section, and at this time it is smooth 
| and in general resembles sheet asphalt. 


4 


2 i Section No. 4.—GinsonitE Om ASPHALT—PENETRATION METHOD. 


In the spring of 1912 it seemed that repairs would probably be 
| by necessary to this section, but as the season advanced the entire sur- 
| face “bled” slightly and uniformly and the apparently weak spots 
sealed over very satisfactorily. With the exception of slight inequali- 
ties in the surface, this roadway 1 is in very good condition, and will 


probably require no repairs during the coming season. 


| 
| 
| 
| 
7 


Srection No. 5.—Om ASPHALT—PENETRATION METHOD. 


In the spring of 1912 this section was badly broken up along the 
gutter on the west side and at various places in the body of the pave- 
: : ment. The surface over these weak spots was removed, and new stone 

-_was added and treated by the penetration method with two applica- 

_ tions of 14 gallons and 4 gallon per square yard, respectively. The 


mi g 
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total amount of repairs was 286 square yards, and the total cos’ 
these repairs was $260.26. The entire surface of the section impro 
during the season. At the present time only slight repairs w ill be 
required to put the surface in proper condition. Ae 


Srotion No. 6.—Om ASPHALT—PENETRATION, METHOD. 


With the exception of several depressions in the surface along, the 
gutter, due to a settlement in the subgrade, this section is now in ve y 
satisfactory condition. No repairs other than those necessary 1 
the depressions will be required. 
rn 

By the fall of 1912 a number of worn depressions had developed 
throughout these two sections. Although no raveling took place, 
the binder appeared to be “ punky” and lifeless, and it was considered 
advisable to repair all these places and apply a cold surface treatment 
to the section which had never had a seal coat. The loose stones in 
the depressions were cut out to more solid material. The edges of 
the cut were painted with some of the hot bitumen which had been 
used in the original construction. The hole was then filled with new 
stone and the patch was made by the penetration method. In this 
manner 11 square feet of patches were made on A, the “two-coat 
section,’ and 52 square feet on B. The total cost of the former w as 
$1.43 and of the latter $6.57. "4 

As soon as the patching was completed the patches on A and the 
entire surface of B received a cold surface treatment with an asphaltic 
oil. The application was made on December 17, 1912, with the same 
distributor referred to above (see p. 21). The weather was fair, but, 
owing to the cold nights, the oil had to be slightly warmed before 
application. The surface was thoroughly cleaned before the oil was 
applied, and the application was Immediately covered with a lv 
of limestone screenings and given a light rolling. The characteristi 
of the oil used are shown in the following table: 


Section No. 7, A AND B.—Orm AspHALT—PENETRATION METHOD. 


ha 
TABLE 21.—Analysis of asphaltic petroleum } used in surface treatment of section No. 7-B. 


Bpecitic: pravity: 25°/25°. O_o... «est a0'sia cin lila spn ot puyol ieee 
Hiash point? Ce... os. s+ dedelaE son « apbcenestie fede eae 
Brurhing point Ce. os Ue de ou ecine +o Us ie ciclo 
Viscosity, Engler 25° @.,'60'c.c. specific. ......t 32.22. eee ce ee 
Per cent of loss 163° ©. 5 hours (20 grams) 
Float test of residue (50° C.)? (time). oid itis) >. SUIS 2 See 
Per cent of total bitumen insoluble in 86° B. naphtha 
Per cent of fixed carbon 


Per cent soluble in CS, (total bitumen) 
Per cent of organic matter insoluble 


a a 


sere ew ewer eee eee eee we ewe eee eee wee ee eee 


1 Thin fluid with strong naphtha odor. 2 Soft, sticky, with slight flow. i ‘: 
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Tey 


‘ i oF 
rs an ‘TABLE 22.— Materials and cost data for treatment with above oil. 


ied MIATA VATU Stats. cccense 5 ls ; ; 925 
als per square yard: 
iS creenings, ee RPS Nie ole oe ce wn oo a os ae bie ew ign ode 0.013 
© Oil, gallons................ : : 29 
per square yard (cents): 
2 ‘Screenings SUR MEE Sere i Si i WS. SS AS. gine de nk ages 2.79 
ES SE, PS Ee SR See Se ee ne DS 2. 04 
ag Hauling (a le deineeat ppd” Bilt aap pea beat ks pea get tg YE es 49 
nnarnetace st. i300) 20. O97) OSI OT. SI) col Se sey: . 26 
Te A I a 2 . 28 
F | Warming Peete keen nb igo SUE 1) Ko ae tide TES . 10 
_ Applying “Oops ee Be Ree ets elt da ss eae ot Pes . 24 
aie See aaa MI le cc ulchaie ms eiscel Kaige = ee . 49 
. 4 
7.23 


ce. A tabulation of the average and maximum of each class of 
iraffic for 30 counts is given below. The east side of the road carries 
yutgoing traffic and the west side incoming traffic. A vehicle enter- 
upon and leaving the experimental sections without covering 
eir entire length is classed as local traffic. 


Pasi 23.— Volume and character of traffic on Connecticut Avenue between Chevy Chase 
: Circle and Bradley Lane. 


East Side. ; West Side. 


Average. Maximum. Average. 





Local. | Through.| Local. 


—_————————— | — | —______ 


Through.| Local. | Through.| Local. | Through. 








1-horse wagon........ 9 7 20 17 7 6 19 15 
ed 1-horse wagon.. 9 6 23 19 10 6 24 20 
d 2-horse wagon:......- 12 5 44 20 13 5 82 19 
ed 2-horse wagon 26 4 78 20 13 3 44 19 
4-horse wagon.....-..- Linkin: tee PERE 1 | Leg dae 4 3 
ded 4-horse wagon...... Me Dg nie ocr | pee eee ba togt Wepre 18. oe eee 
pleasure vehicle....... 9 3 18 5 10 2 20 6 
AR vehicle....... ha tee 8 4 | 1 1 6 5 
-tired horse vehicle... Des eee 2 2 eee 5 1 
ese aaa 2 1 4 7 | 3 1 8 7 
lg |S Sees 3 1 18 4 5 1 13 2 
Bee Sai = <'- 22 6 43 15 19 8 44 20 

a APS Ae 107 21 246 50 100 30 217 70 

Min Se 3 3 9 9 3 2 8 8 

d motor dray........ 2 1 5 | 5 Be 1 7 5 


a ae ow 
s=)'? 































80 DUST PREVENTION AND ROAD PRESERVATION, 1912. a ; 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE ON BRADL 
LANE, CHEVY CHASE, MD., 1911. 


REFINED SEMIASPHALTIO OIL. 


The original report of this experiment is to be found in Circular 
No. 98. At the time of the last inspection all three sections had 
been more or less cut through by traffic, and the stones under these 
bared spots were more or less moist. At these places the bituminous: 
carpet had entirely disappeared, and it is probable that some supple- 
mentary treatment will be required over the entire distance during 
this spring. | 

The three sections have not, however, deteriorated onto 
Section No. 1, as indicated in the original report, was subjected to 
heavy traffic, owing to the hauling of contractors’ supplies. Owing 
to the thick carpet produced by the application of 0.92 gallon of oil 
to the square yard, together with the sand and fine screenings which 
were used to absorb the excess of oil, the bituminous carpet over 
this section was quite thick. As the roadway is narrow and traffic 
is confined to practically one track, this carpet was squeezed out so 
that two broad shallow ruts were formed. The material displaced 
by traffic lies in a mat from 14 to 24 inches thick on each side of the 
traveled road, where it serves no Bat purpose. In order to prevent 
a further squeezing out of the bitumen in the wagon tracks, two 
areas were chosen near the middle of section No. 1, each 40 feet long g, 
which were treated with chips ranging in size esti 1 inch to 4 inch. 
The application was at the rate of 1 cubic yard to 48 square yards. 
The chips were forced into the roadway by a steam roller for the 
purpose of wedging and holding the material in place. This treat-_ 
ment was accomplished at acost of 5 cents per square yard, and 
while it was effective in a measure and the displacement of the carpet 
was not as great as over the untreated portion, it was not considered 
of sufficient value to the surface to warrant its general application. 

The thin layer within the traveled way has been cut through in 
section No. 1 in different places for two reasons. At several places 
the stone in the original roadway has continued to creep after the 
application of the surface coating, owing probably to subgrade weak 
ness. In these places the bituminous carpet has entirely disappearec 
and depressions are worn in the pavement. In other places the 
carpet has worn away apparently from traffic only and the macadam 
surface beneath is still intact. | Owing to the varied thickness of the 
cushion in its present condition, it will probably be necessary ¢ 
remove it before an application of a new surface treatment. 

Section No. 2 which has a one-coat treatment of 0.61 gallon to t the 
square yard, has not suffered from the displacement of material a 
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have sections Nos. 1 and 3. With the exception of several small 
areas in the wagon tracks, where the carpet has been worn through, 
this s section is in fair condition and a light supplementary bituminous 
treatment in the spring will probably be sufficient to carry it through 
A he season without further care. 

_ Section No. 3, which, like section No. 1, received a two-coat appli- 
cation amounting to 0.92 gallon per square yard, has not suffered as 
greatly from the lateral displacement of the carpet in the traveled 
portion since the traffic over this section is light. This displacement 
‘is not as serious as in the case of section No. 1, but has progressed 
sufficiently to be readily noticeable. An area 40 feet long was treated 
with coarse chips similar to the two areas already referred to in 
: section No. 1, with various satisfactory results; but the treatment 
was not Betonded over the entire section bettass of its high cost. 

_ Section No. 3 has suffered by reason of the mat breaking through 
‘in the road in several places, but it is possible that, if “these are 
: ‘repaired and a light surface application is made to the pees section, 
no further repair will be required to carry it through the season. 

oS . 


. SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT JAMAICA, 
2S glad" orga Ba heel 2 8 ao 

ee CEMENT CONCRETE, OIL ASPHALT, TAR, AND FLUXED NATIVE 
ASPHALT. 


_ The original report of these experiments is to be found in Circular 
No. 98. The following report covers the maintenance work which 
‘was carried out in May, 1912, and the results of an inspection made 
on December 19, 1912. 


= EXPERIMENT No. 1.—Om-CEMENT CONCRETE. 


ee 


_ Upon inspection in May, 1912, it was found that small worn places 
or holes, ranging in size from a few square inches to 2 or 3 square 
fe ot, had developed in the surface. That these may have been due 
n a way to the character of oil used is evidenced by the fact that they 
were more numerous in the first 90 feet, where a type of residual 
petroleum different from that in the saihanniet of the section was 
u Bead. All of the concrete, however, appeared to be porous and low 
in tensile strength. 

_ The edges of the expansion eal had been spalled off and at station 
1+80, where the concrete adjoins a cobble gutter, the surface was 
badly worn for a length of 10 feet along the gutter. This hole was 
repaired by cutting out the concrete uniformly to a proper depth 
md making a patch with wood block. The oil asphalt hereafter 
referred to was used for a filler. 
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It was decided to give the entire section a surface treat ¥ 
several types of bituminous materials. The worn or pitted 
were first thoroughly cleaned by brooming and were then pai 
with the tar-asphalt mixture, the analysis of which is given beloy 
Chips were then spread in sufficient quantity to cover the bitu: 
lightly. 

The entire concrete surface was then broomed and a bitumin 
seal coat of approximately 3 gallon per square yard was appli 
with hand-pouring pots. The seal coat was covered by an applica 
tion of stone screenings, coarse sand, or stone chips free from dust 

In the case of the oil-asphalt section a paint coat composed of 1 
part of the binder to 2 parts of naphtha was first applied to the s sur- 
face of the concrete and the seal coat was poured over it. ‘el 

The location and analyses of the several materials follow: ap 


A, station 0+00 to station 0+-24, refined coal tar, stone screenings. 
B, station 0+24 to station 04+48, refined coal tar, sand. 

C, station 0+-48 to station 0+80, tar-asphalt preparation, sand. 

D, station 0+80 to station 1+28, tar-asphalt preparation, stone screenings. | 
E, station 1+-28 to station 1+-52, tar-asphalt preparation, stone chips. 
F, station 1+-52 to station 1+-67, oil asphalt, stone chips. 

G, station 1+-67 to station 1+80, tar-asphalt preparation, stone chips. 


TABLE 24.—Analyses of tar products used in surface treatment of oil-cement concrete 
Jamaica, N. Y., 1911. 





; Tar-asphalt pre 
Material. Refined coal tar. ration. — 

BDO STAVILY 20 foa> Ci x25 . Ay. jaf bi deeate eid <8 oeE ge ors 1.202 Li eS 
Wigeetention A. LttWepew oF 1... hei. ake yek nee <baaaes eae ee Lae 1’ 30°" = 
ee neGr APOR OAT DOME cen Se. 205 }.- ons sealed eee eee eee 15.91 14.57 
Percent of loss at 1052C., 6 hours! .: 02.4). .a.20cc8 258-2) yee. eee 4.18 

Per cent of loss at 163° C. 5 hours ? (fresh sample): . ~:~: «<-..-2s]s «t= aseet oreo eee 11.68 
Penetration of residue (25° C., 100 grams, 5 seconds) frost: Jone obs ck pee ee ee 12.4 


Per cent | Per cent | Per cent 


y b y 
volume. | weight. | volume. 


Distillation: 
Pits, igh Gls tO FLOW. ee) te ac sen cet oeee eee teense tees 0.3 0.2 0.3 
pecond lapis 210-170". C4 2... ot Fee ee Pl, -5 .3 6 
Heavy wus 170-270" ©. se. esc se eee eee eee eee 21.8 18.1 18.2 
Heavy OS 270-318 Ox 360. sess toe. odage te Lh ewes ce 13.2 11.2 39.7 
weir TEGUE* doe. ets on oe cate ee ee 64.2 70.0 71.2 
100.0 99.8 100.0 


1 Brittle, lustrous surface, with soft semisolid content beneath. : 
S Brittle, lustrous surface, with hard semisolid content beneath. ra 
8 Showed 1.25 per cent insoluble in dimethy] sulphate; a 315-350° C. fraction showed 12.5 per cen 


a 350-375° C. fraction showed 28.5 per cent insoluble in dimethyl] sulphate. Results indica from 101 
15 per cent of oil-asphalt content. 


“ola pail i emer 
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- Analysis of oil asphalt used in surface treatment of oil-cement concrete at 
Jamaica, N. Y., 1911. 


Reity Pe st eGo eee Ge 1. 009 
path ete as piesa Be imitate a an bientiling: Roe sepeges Niwa ad! 66.5 
tion (5 seconds, 100 grams, 25° ©.) [mm.].. Ooi Sirtnye a ke Bite kane 4.2 
Smaned ab 163°-C.55 Hours (20 crams)! 2.252. ie ee eel gD223 
ration of residue he CU Saat Cie ig Eg Sa ae ae ee a Si7 
er cent of total bitumen insoluble in 86° B. naphtha..................... 24, 38 
Per Ce ont st AP RS, To eRe Se ae ea ee A Fa 10. 11 







AE BLE 26.—Analysis of sand used in surface treatment of oil-cement concrete at Jamaica, 











Si N. Y., 1911. 
ae 
sing 43-inch screen, retained on }-inch screen......-.--....-.--.-------- ie 7 
@eancn screen, retained on $-inch screen.............------------2-+-- 8.2 
ing $-inch screen, retained on 10-mesh screen. .......... BS ea eta Ee Se LEE 
ang 10-mesh screen, retained on 20-mesh screen...................------- 1657 
ing 20-mesh screen, retained on 30-mesh screen................---------- LT 
= 30-mesh screen, retained on’ 50-mesh screen..........---.-+---------- 25.4 
g 50-mesh screen, retained on 80-mesh screen..........-----------+---- 11.5 
¢ 80-mesh screen, retained on 100-mesh screen...............---------- yas | 
g 100-mesh screen, retained on 200-mesh screen............-----2------ 2a 
EM eC EDORON Th TY Sd yee Sak- Kaan y ~ Fae 1 GENT - oe we. oe A SE 1.9 
100. 0 
Per cent of A cg a8 rl he ke OP SAS as cage eo heeee 29. 6 
7 1 Sticky semisolid. 2 Glossy surface. 
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Phi inspection of these surface treatments in December showed 
“that, on that portion where the refined coal tar had been used, the 
Beurface was fair and practically unbroken excepting for a bare plage 
2 by 3 feet at station 0+03 and a circular area 2 feet in diameter at 
station 0+47. The former was probably due to a depression which 
held water. There was some evidence that the bitumen had flowed 
¢ in toward the sides of the road during hot weather. 

Where the tar-asphalt preparation had been used, the surfacing 
“was not in such good condition. From station 0+65 to station 
0498 it was badly spotted and about one-fourth of the bituminous 
coating was gone. From station 0+98 to station 1+42 it was in 
fair condition on the north side of the road, but about one-half of 
the coating was gone on the south side. An area of 3 by 4 feet at 
_ station 1+50 and another 6 by 8 feet at station 1+70 had worn off. 
The small section treated with oil asphalt was in generally satis- 
factory condition. 





























EXPERIMENT No. 2.—Cut-Back Or ASPHALT—MIxING METHOD. 


_ The only repairs made to this section in May were due to a slight 
_ depression at station 4+94 caused by a yielding of the foundation 
- over a house connection. This was repaired with a hot application 
of the oil asphalt, referred to in Table 25, and stone chips, after the 
_ surface of the depression had first been painted with a solution of 
the bitumen in naphtha. It was noted at the time that the advent 
of warm weather was causing the surface to shift and become wavy, 
_ and during the summer an attempt was made to pick up and reroll 
- portions of it. When inspected in December, two narrow depres- 
sions about 1 inch in depth were noted in the first 65 feet of the 
section. From station 2+00 to station 4+50 a strip from 12 to 14 
feet wide in the middle of the road was in good condition, but a 
rather objectionable wavy condition had developed for a width of 
_ 4 or 5 feet on each side of the road. The crests of these waves in 
_ places were elevated 4 inches above the troughs, but the surface 
bond was unbroken. 

From station 4+50 to station 5 +00 the pavement is excellent, and 
_ this is probably due to the fact that through an error a harder bitu- 
~ men had been used in this location. 


¢ 


EXPERIMENT No. 3.—FuLuxEep NattvE ASPpHALT—M1xi1NG METHOD. 


This section is reported as being in perfect condition and having 
_ the appearance of a sheet asphalt pavement. A slight depression 
showing signs of wear at station 5+00 had been repaired in May, 
_ by means of a paint coat of oil-asphalt, in the manner described 
under experiment No. 2. 


a 
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EXPERIMENT No. 4.—REFINED CoAL TAR—MIxING METHOD. 


Upon inspection of this section in May it was interesting to note 
that, while the seal coat of oil-asphalt remained in very good condi- 
tion, the seal coat of refined coal tar had entirely worn off, leaving 
the stone exposed and the surface rather porous. In applying a 
new seal coat to this portion, two materials were used after the 
surface had been well broomed. 1 

From station 8+00 to station 8+70, the light coal tar, the char- 
acteristics of which are shown in Table 28, was applied by simply 
allowing it to run from the barrel and brooming it over the surface. 
It was applied at the rate of 0.28 gallon per square yard and imme- — 
diately covered with sand. 

From station 8 +70 to station 9+50 a seal coat of the tar-asphalt 
preparation used in experiment No. 1 was applied hot by means of 
hand-pouring pots. This application was also covered with sand. 


TABLE 28.—Analysis of coal tar used as a seal coat on experiment No. 4 


Specific gravity 25°/25° C.......sc:esesesleelecevevesee vee sesso 1. 160 
Percent of free carbon! i ..24./0. OOK So AT BURG? Stier eee 9.31 





Percent Percent — 
Distillation: | vale weight 
Ammoniacal water........- we get & acme diphe: ait een cate. Be or ona tee ee Eas 2.9 = 
Piray neht oils to 110° Gols ere ae eee ee ee 3.6 2.4 
Second light’ oils 110-1709 SaI9M he Ae ee 9 6.8 
ieavyoils.70-270°: Cast Li Ot. REN. oR ee 118.0) 15.0 
Heavy oils 270-315°C .............-. png sic} oth se tu .8 eee 28.8 7.4 
Pte te SLOIIG Cl. .- ane Conic vane dpa cba aie teens dade tea aan 65. 4 70.333 
iit ere... oe aes puri en mse iMate S|. Wanted ikiye 100. 0 99.3 


When inspected in December, the surface of this entire experiment | 
was smooth, uniform, and free from depressions, and no failures of 
any nature were evident. From station 8+00 to station 9+50, 
where the new seal coats had been applied, the surface had a slightly — 
mosaic appearance. 


EXPERIMENT No. 5.—Cut-Back O11 ASPHALT—MIXING METHOD. 


The surface of this section showed a tendency to disintegrate in any 
depressions where water collected and by May two rather large holes” 
were found atstation 13+37. Thesurface wascut down to the founda- 
tion stone and the edges of the hole were painted with the solution 
of oil asphalt in naphtha referred to in experiment No. 1. The hoa 
was then filled with ‘‘Topeka”’ asphalt paving mixture, which wa 
being used near by. It was spread to a depth of 3 inches and tampem d 
into place with hand tampers. a 


1 Three-fourths solid. 2 One-half solid. 
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When Bachecied in December, the surface rascal a smooth 
ppearance, resembling sheet asphalt, excepting for the fact that it 
ad = slightly wavy on the north edge. 

zx _ EXPERIMENT No. 6.—O1L ASPHALT—PENETRATION METHOD. 

a” 

| ‘he only repairs necessary to this section in May were due to the 
fact that the wheel of one of three heavily loaded steel-tired trucks 
ha d stripped a small section of the seal coat at station 15+44 on 
May 11. The repairs were made with the tar-asphalt preparation 


EXPERIMENT No. 7.—REFINED COAL TAR—PENETRATION METHOD. 


The only repairs necessary to this section in May were due to slight 
wreaks in the seal coat at station 15+48, which were repaired with 
tr-aspalt preparation and chips, and at stations 15+70, 164+00, 
and 16+59, which were repaired with tar-asphalt preparation and 
sa and. The stripping at station 16+00 was due to the steel-tired 
ucks referred to as damaging experiment No. 6. 

A telephone conduit had been laid across the road at station 16 +36, 
€ and this necessitated the replacing of the surface over the filled trench. 
The repairs were made by the penetration method, using the tar- 
asphalt preparation for a binder. No cost data were kept on this 
eer, however, for the reason that the defect was not due to the 
leterioration of the road. 


EXPERIMENT No. 8.—FLtuxep NativE ASPHALT—PENETRATION reap: 


The surface of this section was quite soft in the early summer, par- 
: al on the northern half of the road, and the wheels of the heavy 
ruck previously mentioned picked it up at station 17+00 and at 
tation 17+13. There was also a worn place at station 17+00 and 
t t the joint with the preceding section. Repairs were made with the 
ar-asphalt preparation and sand as heretofore described. 

& Expertment No. 9.—Om ASPHALT—PENETRATION METHOD. 

_ The wheels of the above-mentioned trucks had picked up the’seal 
coat at station 18+50 in three places and had removed a strip 3 
ir nches wide from station 19+80 to station 20+00. The surface had 
: al so caved in in a small place at station 19 +25 owing to a settlement 
of the foundation over an old sewer trench running longitudinally 
along the center of the road. The pavement was opened up making 
a trench 12 feet long, into which sand was forced by flushing with 
we iter. In order to allow the “back fill” to settle thoroughly the 
eplacement of the surface was postponed. 

‘The three small stripped places at station 18 +50 were repaired 
ith the tar-asphalt preparation and sand, but nothing was done to 
e 20-foot strip which was merely slight damage. 
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When ifevetaet in December, 1912, the surfaces of experi 
Nos. 6, 7, 8, and 9 were all smooth and i in an excellent state. 1] 
ment No. 7 presented a slightly mosaic appearance, while e 
ments Nos. rr 8, and 9 resembled sheet asphalt. The only appl r 
defects in any of these sections are a few humps, probably pies to 
excess of bitumen. 

The cost data for the repairs to all of the sections are Sved 0 
following tables and are based upon the following unit prices: 








Foreman (per 8-hour day)..........50- ccc nnc csc cee te ee nue 5 eee , 
Laborer (per 8-hour day). ...... 0.2.2... 502.0... ce a ne ee ee 
Horse and cart with driver (per 8-hour day)................-.....:.10.eeeee 
Heating kettles (140 gallons capacity) (per 8-hour day)..................----- 
Small tools (per day per man). cwi.i2os.4 00) .00. UST een dE 


TABLE 29.— Materials and cost data for wood-block patch in eae pa fi . 
Area of patch, 8Quare Yards... v.05. abe pine cle ned seeine = seem - pi i 


Materials per square yard: 
Sand, cubic yards...: ..2: s. .i cowxniu ewes eR re ae % 
Paint. cdat, gallomnnn os seks anise oe bwanduememd Sued Jos nin pecan 
Wood block, number... ..4.. 555 go. nook ae oan: + oes den 5 ee . 
Bipumen, Pallons. 2c. nek ce oe ce pence us Cup as scien pres 
s-inch stone, cubic ‘yards .. .... 2... ee oe 


Cost per square yard (cents): 
Sand (delivered on ‘work)..... 2... ccc ee oe on ue oe 
Paint coat (delivered’on work) ....... 2.02... 02002 A weee oe ee 
Wood blocks (delivered. on work) ........00 Ja0<+, sis ~~ «> -=¢5 up nek 
Bitumen (delivered on work) ...... 2... 02.000 ccs. e ws cn cae 
#-inch stone (delivered on work) ............0...0.50..0...02..0 0005 5- ) 
Cutting'out ‘surface of concrete... «des 265 31 nel wena shee oie * 
Laying block and tamping .~... on. ic.smen se Sc ce suse e en: 358 
Pouring DItUMEN ...... 2. gcse ek ces cuas Gaps con ect ace piece een 
Spreading sand and chips..:..... 00. 0S Ra ice 


MOTB Re seed cin = mn da ain a tems alts cs Be mas ie ace ee 
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SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT ITHACA, | 
N. Y., IN 1909, 1910, AND 1911. a 


=o 
* 
“J 


EXPERIMENTS ON FOREST HOME DRIVE—TAR, OIL, OIL ASPHALT, 
BRICK, CEMENT, AND SLAG. 


Detailed reports of these experiments are to be found in Circulars — 
Nos. 92, 94, and 98, and the report of an inspection and repairs to — 
sections then completed is also given in Circular No. 98.. The fol- 
lowing report gives the general condition of all the sections at the — 
time the annual repairs were made in October, 1912. Owing to long- | 
continued unfavorable and cold weather, the work was finally aban- 
doned before all the contemplated repairs had been made. The — 
experiments will hereafter be discussed under their section numbers, 
which is the order of their location, and the experiment number will 
be disregarded. 


Section No. 1.—REFINED CoAL TAR—PENETRATION METHOD. 


The surface of this section remains in excellent condition. <A large © 
depression, without any break in the surface, has formed at the south- 
east intersection with Central Avenue. This causes a lack of proper | 
drainage at the intersection and is to be repaired. 


Section No. 2.—REFINED CoaL TAR—M1x1nG Metuop. SEcTION No. 8. —Bricx. 
SECTION NG 4.—ARTIFICIAL Orn ASPHALT—M1x1ING METHOD. 


These three sections have been seriously affected by recent changes 
in the grade and location of Forest Home Drive. Sections Nos. 3 — 
and 4 have both been entirely removed. It is planned to relay the — 
brick section on the new location and to reconstruct the oil-asphalt 
section with a material similar to that originally used. Both sections — 
were in excellent condition when taken up. The eastern half of sec- — 
tion No. 2 had failed throughout a large area, owing mainly to the © 
building operations along the roadside. This part of the section will — 
be constructed on a new grade, and on the remainder of the section 
a number of depressions will have to be repaired. 


Section No. 5.—REFINED SEMIASPHALTIC O1t—PENETRATION METHOD. 


Except for a slight unevenness in some parts of the surface, this — 
section continues in satisfactory condition and no repairs are neces-— 
sary. About 30 feet at the west end of the section will be removed — 
in changing the grade of the drive. : 


Section No. 6.—SEmisouip REFINED SEMIASPHALTIC O1—PENETRATION METHOD. — 


With the exception of a small worn hole, which will require about — 
4 square feet of new surfacing, this section continues in excellent con- 
dition. 
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ad me: _ Section No. 7.—Kenrucxy Rock AspHatr, 





























- The general character of this section up to date is good. There 
care, however, a number of small depressions, mainly throughout the 
eastern half ee the section, which should be repaired. The joint 
between this section and ie preceding one is also worn. 


n° 

‘Section No. 8.—Rerinep WarTerR-Gas Tar—PENETRATION MeETHoD. SECTION 
No. 9.—REFINED SEMIASPHALTIC O1L—PENETRATION MeETrHop. Section No. 
~ 10.—REFINED WATER-GAS TAR AND SLAG—PENETRATION METHOD. 


The surfaces of sections Nos. 8, 9; and 10 were in excellent condi- 
tion at the time of inspection. Section No. 9 has a considerably 
softer surface than the others and calk marks are noticeable through- 
out. No repairs were required on any of these sections. 


Section No. 11.—Open-HEARTH SLAG. 


During the winter and spring clay continued to work to the surface 
of this section, causing a disagreeably muddy condition. This seems 
to have worked off to some extent during the summer, and when 

‘Inspected in October the section was in fair condition. 


Section No. 12.—ARrtTiFic1AL Orn ASPHALT—Mix1Inq METHOD. 


The surface of this section has a mosaic appearance due to the fact 
that the large stones show. There is no sign of failure, but a seal 
coat of the material used in the original construction will be applied 


in the spring. 
iz Sections Nos. 13, 14, anp 15.—CoNcRETE. 


D No inspection could be made of these sections owing to the fact 
_ that they had been given a hot-oil surface treatment by the State 
_ highway department, which has jurisdiction over this portion of the 
| Broad. 


<3 


EXPERIMENTS ON EAST AND SOUTH AVENUES. 


_ Sxorions Nos. 16 anv 17.—O1 ASPHALT—PENETRATION AND PREPARED FILLER 
= METHODS. 


These two sections were constructed with the same binder, and 
__ their difference consisted in the fact that the former was constructed 
__ by the regular penetration method, while the upper course of uncoated 
stone in the latter section was filled by harrowing in bitumen-coated 
stone chips. When inspected for the purpose of making repairs, 1b 
was found that both sections had failed in a number of places. Two 
large ruts in the traveled way extended throughout the greater part 
of the length of section No. 16 and there were numerous raveled spots 
of varying size in both sections. 
_ The repairs consisted of deep patches in which the loose material 
‘was excavated to a depth of from 3 to 5 inches and shallow patches 


492 DUST PREVENTION AND ROAD PRESERVATION, 1912, ~ a5 7 


in which a paint coat was applied to slight unbroken depressions 
In making the former the loose stone was cut back until a firmly 
bound tira was reached. The edges of the hole were thoroughly 
cleaned and painted with hot bitumen, and when the hole did not 
exceed 3 inches in depth the bottom was also painted. The patch 
was cae made by filling the hole with clean stone ranging in size 
from 2 inch to 14 inches in longest dimension. The patch was built — 
up bye the penetration method and finished with a seal coat. q| 
Where there was simply a depression in the roadway over which _ 
no appreciable deterioration of the surface texture had taken pia . 
a paint coat was applied and covered with screenings. 
Section No. 16 required 342 square feet of deep patches and 218 | 
square feet of paint coat work, and section No. 17 required 131 square _ 
feet of deep patches. Deep patches cost from 53 to 94 cents per | 
square foot, depending upon the depth of patch, and paint coat work | 
cost approximately 1.4 cents per square foot. In both cases the cost | 
of rolling is not included. | § 































Sections Nos. 18 anp 19.—O1 ASPHALT—MIXING AND PREPARED FILLER METHODS. ~ | 


The same binder was used in both of these sections, but No. 18 | 
was constructed by the mixing method and No. 19 by the same 
method as No. 17. The bulk of the repairs was required on the mixing 
method experiment and the stone for patching was mixed with the 
bitumen before being placed. The mixing was done by hand in 2 
cubic foot batches and the proportions were 18 gallons of bitumen 
to the cubic yard of stone. 

In addition to the deep patches and paint coat work described 
under repairs to the previous sections, shallow patches were made by _ 
first pouring a paint coat over the ic area. When this coat had 
been thoroughly broomed a layer of the mixed material was laid and 
finished in the usual manner for mixing work. This work was done 
‘ along the concrete gutter, which had been so constructed as to project 
above the pavement. 

There was a total of 593 square feet of deep patches, 225 square feet 
of shallow patches, and 196 square feet of paint coat work. Exclusive 
of rolling, the deep patches cost 9.2 cents per square foot, shallow 
patches 5.5 cents per square foot, and paint coat work 1.5 cents per 
square foot. ¢ 


Sections Nos. 20 anp 21.—Sremisotip REFINED SEMIASPHALTIC Om—MrxING 
METHOD. a 


These two sections were laid with the same material, with the only 
difference that No. 20 was finished with a seal coat, while No. 21 was 
not. Practically all of the repairs were required upon the section 
where the seal coat had been omitted. The patches were made with 
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mixed material in exactly the same manner as has been described 


under section No. 18. There were 280 square feet of deep patches, 
135 square feet of shallow patches along gutters, and 50 square feet 
of paint coat work, at the same costs given for the previous section. 


Sections Nos. 22 anp 23.—REFINED WATER-GAS TAR—MrxinG METHOD. 


These two sections have failed in large areas throughout their 
entire lengths. Patches were all made by the mixing method as 
previously described, but, on account of a long period of wet weather 
before the repairs were entirely completed, the surface was too damp 


to permit any paint coat work over shallow depressions. 


Section No. 22 required 160 square feet of deep patches and 305 
square feet of shallow patches, while section No. 23 required 326 
square feet of deep patches and 148 square feet of shallow ones. 
The cost ranged from 7.5 cents per square foot for shallow work to 


9.5 cents for deep work. 


SEcTION No. 24.—ASPHALT BLOCK. 


This section continued in excellent condition excepting for a small 
area adjacent to the east curb and 23.5 feet from the south end of 
the section, where the blocks were*loose and a number of them had 
cracked. The blocks were removed and the foundation was exca- 
vated to a depth of 64 inches below the finished surface. It was 
found that about an inch of sand-cement below the block had never 
set, and beneath this there was nothing but soft, springy clay at the 
point of worst failure. A 4-inch layer of 1 : 2 : 4 Portland cement 
concrete was put in and covered with a 4-inch sand cushion upon 
which the new blocks were set. Fifty-nine new blocks were used 
and the total cost of repair was $7.01, or at the rate of 45 cents per 
square foot. 


Section No. 25.—Om AsSPpHALT—MIxING METHOD. 


While the north half of this section remained in fair condition, the 
south half had raveled in a number of fairly large areas. The con- 
ditions in this part of the section are particularly severe owing to the 
fact that large quantities of mud are brought on from the unim- 
proved portion of South Avenue. The patches were made with 
mixed material in the manner described for section No. 18. Wet 
weather and the fact that traffic could not be kept off interfered with 
the success of the work. It was found impracticable to make a seal 
coat adhere satisfactorily, and so this form of patching was omitted on 
this section. A total of 814 square feet of patches over 2 inches in 
depth and 59 square feet of shallower patches was made at a cost of 
from 9.5 cents to 10 cents per square foot, exclusive of rolling. 
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Sections Nos. 26, 27, AND 28.—REFINED ASPHALTIC PREPARATION. ntl 


The surface of section No. 26 had been badly marred by openings — 
for water pipes, but the undisturbed portions of the surface were in 
good condition. Section No. 27, upon which it had been necessary — 
to omit a seal coat, had ALsaliees ruts and raveled spots throughout be 
the traveled portion. Section No. 28 required practically no repairs. — 
Repairs were made by the penetration method as described for sec- — 
tions Nos. 16 and 17. There were 995 square feet of deep patches — 
and 147 square feet of shallow patches along the gutters. Exclusive 
of rolling, the former cost 9.5 cents per square foot and the latter 5.5 — 
cents per square foot. ae 


Section No. 29.—Om AsPpHALT—MIXING METHOD. 


The only defect noted in this section was a small worn depression 
of about 1 sh foot in area. On account of continued bad weather 
the season’s repairs were discontinued before this was attended to. 
Otherwise the section presented a smooth, firm surface. 


Section No. 30.—REFINED CoAL TAR—PENETRATION METHOD. 


The surface of this section also continues in excellent condition 
and no repairs were found necessary. 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT NEW YORK, 
N. ¥., AND RIDGEWOOD, N. J., 1910. 


OIL-CEMENT CONCRETE. 


The original report of these experiments, including the report of — 
an inspection made in January, 1911, is to be found in Circular No. — 
94, and a report of a later inspection in December, 1911, is given in 
Circular No. 98. The following report covers inspections made on — 
December 20, 1912. | 


EXPERIMENTS AT NEw YORK. 


The general condition of the surface was about the same as when — 
inspected a year ago and the worn places about the joints do not — 
seem to have worn to any extent during the year. 

From station 2+10-to station 2+ 43, at the intersection with New- — 
ark Street, the pavement has cracked badly both longitudinally and — 
sansa. forming something like a spider web of cracks from the | 
intersection of the two street centers. ‘q 

A street cut had recently been made through the south half of a j 
street at station 4+18. 


EXPERIMENTS AT RipGEewoop, N. J. 


The floors of both bridges continue in good condition, and there is — 
no apparent change since the inspection a year ago. 
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SUPPLEMENTARY REPORT OF AN EXPERIMENT MADE AT BOISE, 
a IDAHO, 1910. 

a ota OIL-GRAVEL MACADAM. 

_ The original report of this experiment appears in Circular No. 94, 

§ S a report of an inspection made in January, 1912, was published 

Circular No. 98. The road was again inspected in October, 1912, 

and conditions were rated as follows: 

_ The road shows three types of defects: 

(1) Shallow broad ruts becoming deeper and narrower at distant 

Bier als and in one or two “hese cutting completely through the 

Beirface. The broad ruts are present, par ticularly on that portion of 

the road which lies on the bench south of the river. 

_ (2) Patches of worn surface with large gravel stones bare in the 

aggregate. These defects are present at distant intervals over the 

whole road, but especially on the lower part of the road near the 

turn and south of the bridge. 

_ (3) A few humps and a considerable number of depressions, which 

are not due to wear, because the surface is smooth and solid. These 

_ defects appear south of the bridge and at the corner where the grade 

begins at the south of the river. 

At times a combination of the three defects above noted may be 

observed. The ruts are not bad, except in one or two short places. 

The disintegrated patches seldom exceed 4 by 10 feet. The humps 

and hollows are from 1 to 4 inches in greatest depth. Where they 

are numerous, passing traffic is badly shaken. There are many ruts 

outside the traveled way. 

_ There is certainly no failure of the bituminous material here. Too 

large gravel in the surface and a poor foundation are apparent causes 

of defective conditions. 

- The foundation has not settled as a whole, for the crown is still 

_ present throughout, and the road looks in places like a sheet asphalt 

| pavement. 





q ee ENT ANY REPORT OF AN EXPERIMENT MADE AT AMES, 
| IOWA, 1910. 


OIL-ASPHALT GRAVEL. 


‘The original report of this experiment may be found in Circular 
No. 94, and a report of an inspection in 1912 is given in Circular 
No. 98. The following report covers an inspection made on October 
14, 1912. 

. 4 Eavel has used more of the east side of the road than the west, 
Bad this portion appears to be in better condition. The superficial 
skin is more compact and smoother and does not scrape up with the 
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boot or pick as easily as the west side, where travel has been more 
scattered. 4 

There was a layer of fine dust on the road, possibly due to disin-— 
tegration of the surface, but more likely to the dropping of mud — 
from teams from other portions of the highway on this short section. _ 
The traffic is rather heavy, owing to construction work on other por- — 
tions of the campus. The only maintenance which this road has” 
received has been occasional dragging. 

A small hole dug in the middle of the road showed that there had 
been good penetration of bitumen to a depth of at least 3 inches, but 
the mixture was not homogeneous. On the west side near the curb, _ 
where the travel had been light, the bitumen appeared to have — 
retained more life, even where it was exposed on the surface in — 
patches. 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT KNOX- - 
VILLE, TENN., 1910. 


TAR AND OIL PREPARATIONS. 


The original report of these experiments is to be found in Circular _ 
No. 94, and the report of an inspection made in November, 1911, is — 
given in Circular No. 98. The following is the report of an inspec- — 
tion made on January 11, 1913, after a period of heavy rain. All of _ 
the sections were covered with mud brought on from intersecting — 
clay roads. 

Section No. 1 had raveled throughout its entire area and had — 
numerous depressions in which stone had been swept out by traffic. 
This section wil be resurfaced during this spring. 

Section No. 2 varied in character. The eastern half was, in gen- 4 
eral, satisfactory throughout, excepting where the surface had been ~ 
broken for a water connection at about 150 feet from the end. The — 
western half, however, showed a number of small raveled places, and ~ 
these were particularly in evidence in the vicinity of the intersections _ 
with clay roads. Surrounding conditions are no doubt partially 
responsible for some of the failures which have occurred. 

Section No. 3 presents a smooth, well-bound surface, and is in 
practically the same condition as reported a year ago. 


SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT YOUNGS- _ 
TOWN, OHIO, 1909. 


SLAG, SLAG AND LIME, SLAG AND WASTE SULPHITE LIQUOR PREPARA= 
TION, AND SLAG AND TAR. y 


The original report of these experiments appears in Circular No. 92, 
and reports of inspections made in January and December, 1911, are_ 
to be found in Circulars Nos. 94 and 98, respectively. The following 
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notes were taken from an inspection made on December 11, 1912. 
~The sections are discussed in the order of their section numbers, 


beginning at Mahoning Avenue. 
3 SEcTION No. 1.—Buiast-FuRNACE Suaac. 


_ The first 50 or 60 feet of this section has apparently been scarified 
_ or picked down about 14 or 2 inches, and at the date of this inspec- 
tion, this first 50 or 60 feet presented a loose and raveled appearance 
_ over the entire width of the surface. The remainder of section No. 1 
looked extremely good. There was slight evidence of wheel ruts, 
_ probably owing entirely to the wear of traffic. These ruts were 
_ probably not over one-half inch in depth and were from 8 to 12 inches 
wide. This section in general appeared to be the best of all the 
sections. 
Section No. 2.—Buast-FurRNAcE Siac AND Lime. 

his section is in good condition with the exception of ruts some- 
__ what like those described in section No. 1. 


Section No. 3.—Buast-FuRNACE SLAG AND WASTE SULPHITE LIQUOR PREPARATION. 


. Opposite this section on the west side considerable grading has 
been going on, and the whole section, at the time of inspection, was 
— covered with more or less clay. The section presented a somewhat 
- mottled appearance, with some of the coarser stone showing through 
the clay, but the clay had an average thickness of probably three- 
 eighths inch. Apparently for the purpose of cleaning the clay from 
the surface, a road machine or some form of scraper had been run 
over the west third of the road surface and had loosened it somewhat, 
but, aside from the slight unevenness described above as a mottled 
_ appearance, the surface looks good and there is no raveling. 















Section No. 4.—BuLast-FURNACE SLAG AND REFINED COKE-OVEN TAR. 


The north third and the south third of this section present a very 
good appearance. The middle third on the fill has settled unevenly. 
In some spots there is a deficiency of tar and in a few places in the 
wheel tracks the tar is practically all gone and there is more or less 
_ an appearance of disintegration as a result. 


intel epee eSaebe 


Section No. 5.—Buiast-FurRNAcE SLaa. 

Ruts are a little more apparent on this section than on the others, 
but there is no ravel. Section No. 5 has worn down about 13 inches 
__ below section No. 4 where they join. 


SrecTion No. 6.—BuaAst-FURNACE SLAG. 


_ his section is in fair condition, with a slight indication of ruts. 
_ The surface was covered by a film of dust about one-fourth inch thick. 
No raveled spots were evident. 
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Secrion No. 7.—BLast-FURNACE AND OPEN-HEARTH SLAG. ‘aged 


This section is also in fair condition, with a slight indication of — 
ruts. A film of dust about one-fourth inch in thickness, which — 
would be muddy when wet, covers the surface. There is a slight | 
settlement on this section over the fill. 
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SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT NEWTON, — 
MASS., 1908. 


ASPHALTIC PREPARATIONS, TAR PREPARATIONS, RESIDUAL OIL, AND 
MOLASSES-OIL-LIME. 


The original report of these experiments is given in Circular No. 90, © 
and reports of inspections have been, published in Circulars Nos. 92, — 
94, and 98. The following report covers an inspection*made on 
November 8, 1912. “4 


EXPERIMENTS Nos. 1, 2, 3, 4, 5, 6, AND 7.—ASPHALTIC PREPARATION—MIXING 
METHOD. 

The first four of these sections were so badly worn as to require resur- 
facing. There are many depressions and moye than, one-half of each 
section has lost its bituminous macadam surfacing. Experiments — 
Nos. 3 and 4 are possibly in a little better condition than Nos. 1 and2. _ 

In experiment No. 5, the eastern half of the roadway needs resur- 
facing, while the western half continues in very good condition. It — 
might be noted that experiments Nos. 1, 2, 3, and 4 were completed 
without the application of a seal coat, while experiment No. 5 had a 
seal coat of the binder used in construction, and No. 6 had a seal 
coat of hot refined coal tar. This section continues in very good 
condition. | 

Experiment No. 7, in which the bitumen content was increased, 
requires three patches of about 4 square feet each, but is otherwise 
in good condition. 


EXPERIMENT No. 8.—ResipuaL Om—Mrixine MeruHop. 

This section continues in good condition, excepting for the need of | 
two patches at Langdon Street. These places have areas of 1 and2 | 
square feet, respectively. oe 
EXPERIMENTS Nos. 9 AND 10.—REFINED WaTEeR-GAsS Tar—Mrxina METHOD. 
Section No. 9 is worn through in five places and should be patched. — 
The total area requiring patching is about 30 square feet. No. 10 is 


in almost perfect condition, having only one small hole about 10_ 
inches in diameter. 


EXPERIMENT No. 11.—Mo.3asses-O11-Limeg. 


About 50 per cent of this section continues in fairly good condition, | 
but is somewhat rough. The remainder of the section should be 
resurfaced. 
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SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT GARDEN 
CITY, DODGE CITY, BUCKLIN, AND FORD, KANS., 1908. 


SAND CLAY. 


_ The original report of these experiments appears in Circular No. 
_ 90, and reports of inspections made in 1909, 1910, and 1911 appear in 

- Circulars Nos. 92, 94, and 98, respectively. The following are reports 
_ of inspections made in 1912. 


















EXPERIMENT AT GARDEN OCiIrTy. 


The road was inspected on October 28, 1912, and was found to be 
_invery good condition. It was closely bonded, free from ruts or dust, 
and had a uniform crown and excellent wearing surface. The edges 
_ of the surfaced way showed good alignment and no broken places 
from the attacks of traffic. The road is dragged after the rains, and 
new material is added to keep it in good repair. It carries a mixed. 
traffic, with maximum load of about 2 tons, although about 600 feet 
at the north end carries a continuous traffic, due to hauling sand. 
_ By following the same track this has worn twin ruts about 1 inch 
_ deep into the roadway, but the bond is not broken. The cost of | 
maintaining the road has been small, as it is near a gypsum clay pit. 


EXPERIMENT AT DODGE CIty. 


| The road was inspected on October 28, 1912, and found to be in 
good condition with the exception of about 1 000 feet at the north 
end, which is rather badly broken up and full of holes. These defec- 
. & places appear in the wheel tracks at various intervals, and occa- 
sionally the bond is broken all the way across the surfaced width and 
~ cut through to the original sand foundation. The rest of the section 
is in excellent shape, carrying the loads without. developing ruts or 
broken places in the wheel tracks. It has a good crown and a uniform 
- cross section. It is hard and shows an excellent wearing surface. 
_ The ditches are cleaned out all the way and are of standard width. 
The road is dragged after the rains and a little sand from the sides is 
_ carried over the surfaced way to be mixed by traffic with the gumbo. 
3 Moreover, some new material was added to the defective places last 
spring, ain the road was considered very satisfactory and smooth 
all the way. The road carries a mixed traffic with a maximum load 
_ of from 75 to 80 bushels of wheat. The behavior of the north end 
of the road is evidently not due to neglect, but to the fact that 
_ the character and volume of traffic is greater over this portion. Itis 
3 evidently not equal to the burdens it has to carry. 





EXPERIMENT AT BUCKLIN. 


The road was inspected on October 29, 1912, and was reported to 
be in fair condition with the exceptions noted below. 


okt, 
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Broken places in the wheel tracks resulting in chuck holes varyin g 
in size from incipient breaks to holes entirely through the surfacing 
were discovered in a number of places, excepting in that part of the 
course at the north end and for a distance of about 500 feet south of § 
the bridge across the Arkansas River, which was in ideal condition, 
It was closely bonded and free from ruts, dust, or broken places, and 
had a good crown and alignment. | 

This is a much-traveled road between Dodge City and Bice 
It carries a mixed traffic of light and heavy vehicles and automobiles. _ 
The maximum load is represented by from 75 to 80 bushels of wheat. 
The recent dry weather and greater amount of traffic in marketing the 
wheat has resulted in developing defective places in the roadway as — 
noted above. It is reported to have been kept in excellent condition 
until quite lately by the use of the road drag. No new er has 
been added this season. a 


EXPERIMENT AT Forp. 


This road was inspected on October 29, 1912, and was found to be 
in good condition and free from ruts, dust, or broken places. It was 
constructed from a natural soil, having a combination of minerals, 
which bond closely, and it shows an excellent wearing surface like — 
many of the natural dirt roads of Kansas. It responds promptly to 
a little treatment with the drag, and has been shaped once this 
season with the road grader. No new material has been added since 
it was constructed, except to fill up a depression at the junction of 
the road with the floor of the bridge across the Arkansas River. 

This road is subjected to a mixed traffic of light and heavy vehicles 
and automobiles, and carries a maximum load of about 2 tons. __ 


SUPPLEMENTARY REPORT OF EXPERIMENT MADE AT 
INDEPENDENCE, KANS., 1908. 


OIL-ASPHALT EARTH ROAD. 


The original report of this experiment appears in Circular No. 90, 9 
and reports of inspections made in February, 1910, and February and 
December, 1911, appear in Circulars Nos. 92, 94, and 98, respectively. 
The following report is based upon an inspection made on October 
26, 1912. | 

The road was found to be in poor condition. On the eastern end | 
of Tonopah Drive for one block there are two lines of traffic, separated 
by a ridge of natural dirt which has been hauled in by wagons. This | 
part has the appearance of a poorly constructed dirt road. The — 
traffic has spread the dirt over the northern half of this section, entirely - 
covering up the earth-asphalt road. The southern half of this section 
is about as constructed, but the ruts and rough surface would indicate | 
that the road is soft and spongy during wet weather. The western — 
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end of Tonopah Drive is in fair condition, with one line of traffic in the 
center, which has hammered it down fairly smooth and hard. This 
section has a good crown and uniform cross section with competent 
ditches. That part of the improvement on Fourth Street has been 
_ pretty well covered up with dirt which came from the ditches or was 
hauled onein wagons to fill up a water-washed gully in the center of 
_ the roadway. Some quite large stones are scattered promiscuously 
over the roadway. At the northern end at the intersection of a side 
_ street it is covered entirely with dirt carried on by the road machine. 
_ About all of the earth-asphalt road exposed to view on Fourth Street 
is one-half the width and on the western side, and this is the only 
part used by traffic. It is in about the same condition as reported in 
December, 1911, except for dust ground up by traffic during the 
— recent dry weather. Nothing whatever has been done to maintain 

_ the road since it was constructed. | 





_ SUPPLEMENTARY REPORT OF EXPERIMENT MADE AT BOWLING 
GREEN, KY., 1907. 


KENTUCKY ROCK ASPHALT. 


The original report of this experiment is to be found in Circular 
_ No. 89, and reports of inspections occur in Circulars Nos. 90, 92, 94, 
and 98. The section was again inspected on January 10, 1913, and 
the following notes were taken. 

The surface in general remains intact, smooth, and hard, but bears 
_ evidence of not having had any attention. Several inches of mud 
had accumulated on both sides of the eastern portion of the road, 
The hole mentioned in previous reports remains the same, and a 
shallow rut about midway between the crown and south side 1s in 
~ evidence in several places throughout the eastern half of the section. 
_ ‘The western half of the section shows three small worn places in 
_ which the asphalt has disintegrated. These are located at approxi- 
mately 3 feet, 25 feet, and 45 feet from the west end, and there are 
also three small shallow depressions on the crown at the middle of 
the section. These slight defects can be repaired at a very small 
cost and the section thus put in excellent condition. 





A ee COPIES ofthis publication 
may be procured from the SUPERINTEND- 
ENT OF DOCUMENTS, Government Printing 
Office, Washington, D. C., at 5 cents per copy 
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Pe: ne: r 4) Issued August 19, 1913, 
om U. S. DEPARTMENT OF AGRICULTURE, | 
- : OFFICE OF PUBLIC ROADS—Circular No. 100, 


LOGAN WALLER PAGE, Director, 


TYPICAL SPECIFICATIONS FOR THE 
_ FABRICATION AND ERECTION OF 
: STEEL HIGHWAY BRIDGES. 


< 
PREPARED BY THE OFFICE OF 
PUBLIC ROADS. 





WASHINGTON: 
GOVERNMENT PRINTING OFFIOE. 
1913. 


i oa ® 


LETTER OF TRANSMITTAL. 


U. S. DEPARTMENT OF AGRICULTURE, 

OFFICE OF Pusiic Roaps, 
Washington, D. C., May 14, 1913. 
Str: I have the honor to transmit herewith a manuscript entitled — 
“Typical Specifications for the Fabrication and Erection of Steel 
Highway Bridges,” which has been prepared in this office with the 
view of furnishing a suitable guide for local highway officials in ne 
requirements to which bridge structures must conform. 
In the past many steel bridges have been very poorly constennna 
and it is believed that lack of information on the part of highway 
officials concerning proper specifications for this class of work has 
been in a large measure responsible for the unsatisfactory results. 
In order, therefore, to make the specifications contained in this 
manuscript more readies available for the use of such officials, 
I respectfully request that the manuscript be published as Circular 
No. 100 of this office. Mee 

Respectfully, L. W. Page, 
7 Director. 











Hon. D. F. Houston, 
Secretary of Agriculture. 
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TYPICAL SPECIFICATIONS FOR THE FABRICATION 
__ AND ERECTION OF STEEL HIGHWAY BRIDGES. 


3 DESCRIPTION OF PROJECT. 

Bs The contract of which these specifications form a part contem- 
a the construction of a steel highway bridge: over. 33:22) geese 
Serres ta township, ./25...-2. County, State of .2.2 222. 2-. 

E _ The abutments and piers to consist of __.-_----- masonry. 
The total length of the superstructure to be -__._-_---- feet. 

2 The height above mean low water to be ....-... .- feet. 

E. The number ReaD ANS 00 SDOn setae aia 

e The width of roadway to be __.--.---- feet. 

a The assumed loading to be class..........-. (The loading classi- 
“fication contained in these specifications is to be followed.) 

a Mme 10 be.of .. ......2_ __j thickness’... :._-_- ches. 


a {First coat to be -------.--. 
Paint 


s mecond coat to be __..------. 
Bere structure to be entirely completed on or before .-----------, 
19 eae 
. GENERAL. 
The Engineer. 


3 The term “engineer,” as hereinafter employed, shall be interpreted 
10 mean the duly authorized representative of the officials legally 
B poncible for the work to be performed under these specifications, 
and the decisions of the said engineer upon all questions herein left 


bo pins discretion shall be final and conclusive. 
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6 SPECIFICATIONS FOR STEEL HIGHWAY BRIDGES. 


Engineer’s General Drawings. 


The general drawings which form a part of these specifications are 


on file at _......._. and consist of— 


Sheet No. 1, showing. ...._._-----+--..-..._. or 


Sheet No. 2, showing... -_-.._..2.-2--.-+_..._... 
Sheet No. 8, showing...2.__.._.1..1/.! L.. bo 
Sheet No. 4, showing....-.-..2)-. 2-21.21). |_ 32) 


They, together with these enn embody all the nforma- | 


tion which will be furnished for the guidance of contractors. 


Contractor's General Drawings. 

If general drawings are submitted by a contractor as a part of his 
proposal, they shall include all stress sheets and such details as are 
necessary to express the general intent of the proposal. They shall 
show all general dimensions, such as length of spans from center to 
center of end bearings, clear width of roadway, width from center to 
center of trusses, depth from gauge line to gauge line of chords, ete. 
They shall indicate the assumed loads, live and dead, on which the 
computations are based, the sections and sectional areas of all truss 
and lateral members, the sizes of rivets, the thickness of gusset plates, 
the sizes and arrangement of floor beams and joists and their con- 
nections, and the character and quality of the materials proposed for 
use In various parts of the structure. 


> 


Shop Drawings. 

Upon the acceptance of a proposal and the execution of the. con- 
tract, all working drawings required by the engineer shall be fur- 
mene by the contractor free of cost. No work shall be commenced 
or materials ordered until the working drawings have been approved 
by the engineer in writing. 


Classification. 


Two classes of bridges will be considered under these specifications— 


those which carry suburban or interurban electric cars and those 


which carry highway traffic only. The former will be designated as 


class A and the latter as class B bridges. 
Types of bridges. 


It is recommended that the type of bridge employed be selected as 


follows: 
For spans up to 30 feet—rolled beams; 
Yor spans from 30 to 40 feet—plate girders or rolled beams; 


For spans from 40 to 80 feet—riveted low trusses or plate girders; 


For spans from 80 to ake feet—riveted high trusses; and — 
For spans ov connected high trusses. = 89» ,. 
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~All parts of the superstructure except the floor shall be of rolled 
steel. 


Length of Span. 

In computing the stresses the length of span for the trusses or 
Bidens shall be taken as the distance from center to center of the 
_ end hearings; and for the floor beams, from center to center of the 
trusses. 

Width of Roadway. 

E- For class A bridges the clear distance between the center line of 
_ the car track and the nearest truss shall be not less than 7 feet, and 
on one side the clear distance between the center line of the car ener 
and the truss shall be at least 12 feet. The width from center to cen- 
ter of trusses shall in no case be less than one-eighteenth of the span. 


a Pifend Room. 
: _ The clear head room for a width of 6 feet on each side 6 the center 
_ Tine of the bridge shall be not less than 15 feet. 


Depth Ratios. 
2 4 _ The ratio of depth to span shall be not less than the following 


RUN IOE PRESSE geht Seb 9 6 Doh Cae tergho pp mince Cop nnn wteerr gy wr aan agnies 1/20 
ES ee Fey Ee Btoaeay alin ae ly a Dees 1 le en ea 1/12 
REEL Wee eo Foe et gee Sa CEN LOO i 1/10 
LOADS 
- Dead Loads. 


_ ‘The assumed dead load shall be not less than the total weight of the 
_ completed structure. The following unit weights shall be used in 
| ~ computing the dead loads: 
2 ee ee ne iad ea eee as pounds per cubic foot.. 490 


STR ASE IES 9 I SI Aa aca ca eae do.... 150 
EN eae ES oo ia 1S 58 tg Pd Sie Bote cla o ee ae wt w= do.cee LOU 
. Macadam....... SS EE RRR ae eee Pn Se ee dos. 2130 
Ire eh n'a 35 p soa wis esses tte eee dots sbss 
UA TANG ee ce ee rok wctiee an tneage esse cles do2. 222 10U 
a eT ple a he ld heigl i aR andl ag ee a do.... 160 

~ Timber 
Prumousuied Mle ssls HS Peru bdl eycngen pounds per footb.m.. 5 

MM REEOALOND Yet at. So. sia Sed fia did woos aie gis 22 ale do.... 4% 
| ane (DRESSER Be Se Tg tel Ae ee eee LO ssw staat 
 Lnwe Loads. 


_ Crass A.—For the floor and its supports and for the trusses of 
spans less than 50 feet in length the live load shall be assumed as 

follows: 

On each car track a concentrated load of 24 tons evenly divided 

_ between two axles, spaced 10 feet center to center with wheels spaced 
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5 feet center to center on axles, shall be assumed to occupy a width — 
of 6 feet on each side of the center line; on the remaining floor surface, — 
exclusive of sidewalks, a uniform load of 125 pounds per square foot — 
and on sidewalks a uniform load of 100 pounds per square foot. 
For the trusses of spans between 50 feet and 100 feet in length,a 
uniform load of 1,800 pounds per linear foot for each car track 
(assumed to occupy a width of 12 feet) and 100 pounds per square ~ 
foot of remaining floor surface, including sidewalks, shall be assumed. 
Yor the trusses of spans greater than 100 feet in length, the live load 
per linear foot for each car track and per square foot of remaming 
floor surface may be reduced, respectively, 50 pounds and 2 pounds 
for each additional 10 feet of span, provided that in no case shall — 
these loads be reduced below 1,200 pounds and 80 pounds, respectively. — 
All class A bridges shall be assumed as also subject to the loading 4 
specified for class B bridges. 
Crass B.—For the floor and its supports and for the trusses of spans 
less than 50 feet in length, the live load shall be assumed as follows: 
On any part of the floor surface a concentrated load of 15 tons on 
two axles spaced 8 feet center to center, with wheels spaced 6 feet 
center to center on axles and two-thirds of the load on one axle, shall 
be assumed to occupy a space 16 feet in the direction of traffic by 
12 feet at right angles to that direction. On the remaining floor — 
surface, exclusive of sidewalks, a uniform load of 125 pounds per — 
square foot, and on sidewalks a tliagat load of 100 pounds per square 4 
foot, shall be assumed. | 
For the trusses of spans between 50 fect and 100 feet in length a 
uniformly distributed load of 100 pounds per square foot of floor sur- — 
face shall be assumed. For the trusses of spans greater than 100 feet 
in length the uniform load per square foot may be reduced 2 pounds © 
for each additional 10 feet of span, provided that in no case shall the © 
assumed live load be less than 80 pounds per square foot of floor 
surface. | 


Distribution of Stresses Due to Concentrated Loads. ; 

Tn considering the concentrated load under class A, each es Thad 2 
shall be assumed distributed over an area of floor surface 5 feet square. 
In considering the concentrated load under class B, each wheel load 
shall be assumed distributed as follows: For reinforced concrete 
floors, protected by a wearing surface, 3 feet in the direction of traffic — 
by 5 feet at right angles to that direction; for wood floors at least 
3 inches thick the distribution in the direction of traffic shall be © 
neglected in designing the joists and the distribution at right gre 
to the direction of traffic shall be taken as 4 feet. 


Wind Loads. 


The top lateral bracing in deck bridges and the patti sel 
bracing in through bridges shall be designed to resist a lateral wind — 
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loa of 300 pounds per linear foot, and one-half of this shall be treated 
as as a moving load. 

_ ‘The bottom lateral bracing in deck bridges and the top lateral 
Eb: racing in through bridges ae be designed to resist a lateral wind 
Toad of 150 pounds per linear foot. 


emperature Stresses. 


- Provision shall be made for stresses ‘due to a change in temperature 
of apo |, 


Longitudinal Forces. 


For class A bridges provision shall be made for a longitudinal force 
— equal to 20 per cent of the weight of the heaviest electric train which 
could reasonably be expected to come upon the bridge. 


_Tropact 


The maximum live-load stress in each member shall be Rp 
to provide for impact by an amount to be determined from the 


aes 100 S 
aoe L=Ty + 800 
_ I=impact or dynamic increment due to the effect of moving loads; 
~S=computed live-load stress; and 

—L=loaded length of bridge in feet which produces maximum live-load 
stress in the member under consideration. 


Q? where 


Centrifugal Force. 

When curved tracks occur on class A bridges, the centrifugal force 
=. produced by two cars coupled together moving at 50 miles an hour 
_ shall be considered as an additional live load in designing the lateral 
_ bracing. ; 
_ PROPORTIONS AND UNIT STRESSES. 

All members shall be so designed that the stresses coming upon 
Shem may be accurately computed, and shall be so proportioned that 
- the sum of the maximum stresses produced by the loads herein speci- 
- fied shall not exceed the following amounts in pounds per square inch. 


_ Tension. 
4 ; Axial tension on net section—16,000. 


Compression. 
a Axial compression on gross section—16,000 — 7 0- , where “‘1”’ is the 
Diese: of the member in inches and “‘r’’ is the aust radius of gyration 
of its cross section in inches. 

_ For class A bridges no compression member shall have an unsup- 
3 ported length exceeding 100 times its least radius of gyration for main 
» 98925°—Cir. 100—13—-—2 


a 


10 SPECIFICATIONS FOR STEEL HIGHWAY BRIDGES. aa 


x 


















members, or 120 times its least radius of gyration for laterals. For 
class B bridges no compression member shall have an unsupported 
length exceeding-120 times its least radius of gyration for main mem- 
bers, or 140 times its least radius of gyration for laterals. 


Bending Stresses. 

Bending stresses on extreme fibers of rolled floor beams, joists, and 
girders, 12,500; on extreme fibers of built-up girders, 16,000; and on © 
extreme fibers of pins, 20,000. : 


Shearing. 
Pins and shop-driven rivets. .s./.!l2.14 Adeivic.e- cee eee 10, 000 
Field-driven rivets cc. 220 8 3s SL ee 7, 500 
Plate-girder webs (gross section)........-..-.-----.-----: Sey 9, 000 

Bearing. | | 
Shop-driven rivets... 0... p-- shuts ~ cet cee Beg 20, 000 
Ping and field-driven rivets... ...-. 22+. <-+0--<¢+ 066s oo 15, 000 — 
Wall plates on concrete masonry (1724 :5)............-2......... 500 
Wall plates on stone masonry (ashlar)./.-4.-- 2... 23..2, Te 500 = 
Wall plates on stone masonry (rubble).............-2..---..-.2- 400 
Expansion rollers (per lineal.inch)= .:.!)....2322., 23,425 eee 500d - > 


(d is the diameter of the roller in inches.) 


Alternate Stresses. | | 

Members subject to alternate tensile and compressive atone Fi 
shall be proportioned to resist each kind of stress, and each stress 
shall be considered as increased by an amount equal to eight-tenths _ 
of the smaller stress in determining the sectional area. The con- — 
nections shall be proportioned for the arithmetical sum of the i 
stresses. : 


Combined Stresses. 


Members subject to a Aa er of direct and bending stresses _ 
shall be designed so that the greatest unit fiber stress shall not 
exceed the allowable unit stress for the member. des | 


Counters. , 


Wherever the live and dead load stresses are opposite in character, — 
only two-thirds of the dead-load stress shall be considered eRe 
in counteracting the live-load stress. 

For class A bridges counters shall be so provided and propor- 
tioned that an increase of 25 per cent in the specified live load would 
not increase the unit stress in any member more than 25 per cent. 





Net Section at Rivets. : 


In proportioning tension members the diameter of the rivet ‘Blog| 
shall be taken } inch larger than the nominal diameter of the rivets. 


aaa ss THE FLOOR SYSTEM. Bent 


Proportioning Plate Girders. 

The flanges of plate girders shall be assumed to take all the bend- 

‘ing moment, and the web shall be assumed to take all the shear. 

The compression and tension flanges shall have the same gross 
section. 

. J THE FLOOR SYSTEM. 


% Floor Beams. 

All floor beams shall be rolled or riveted steel girders and shall be 
rigidly connected to the trusses or side girders. They shall, when 
_ practicable, be placed at right angles to the direction of traffic. 






















Joists. 

_ All joists shall be rolled or riveted steel girders and shall be rigidly 
4 Pstened to the floor beams. When’ wood floors are used, the joists 
_ shall be riveted to the webs of floor beams by means of connecuen 


_ angles. The spacing of joists center to center shall be not greater 
than 3 feet. 


Wood Floors. 
Wood floors shall be constructed of first-quality timber of the 
kind specified by the engineer in writing or indicated on his draw- 
ings. For oak floors the minimum thickness of plank used’ shall 
be 2% inches, and for pine the minimum thickness shall be 3 inches. 
In no case shall the thickness of the floor plank be less than one- 
twelfth of the distance, center to center, between joists. All plank 
shall be laid with the heart side down at right angles to the direction 
of traffic. Spaces of approximately } inch shall be left between 
adjacent planks. 
Wood floors shall be provided with a wheel guard on each side of 
_ the roadway. Wheel guards shall be constructed of timbers having 
_ across section of not less than 6 inches by 4 inches, spliced with 
_ 6-inch lap joints, and shall be securely bolted to the joists at inter- 
vals not to exceed 5 feet. 


Concrete Floors. 
Concrete floors shall be constructed true to the dimensions shown 


_ on the drawings and in accordance with the spectheatons herein- 
a after following under the heading ‘‘ Concrete masonry.’ 


ts Drainage. 
{ Adequate provision shall be made for draining all parts of the 
_ floor, and the water drained off shall go clear of all metal work. 
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Minimum Thickness of Metal. ; 
The minimum thickness of metal used in any part of the structure, 


except that used for fillers and other minor parts, shall be 3 inch. — 
For class B bridges, however, this specification may be modified by 


the engineer in writing to permit the use of standard channels and 
I-beams having web thicknesses of less than ;°; inch, provided that 
the modification is made as a supplementary clause to these specifi- 
cations before the contract is awarded or is indicated on the engi- 
neer’s general drawings. 


Camber. 

Truss spans shall be given a camber by making the horizontal 
projection of the top chord longer than the bottom chord by 3 inch 
for each 10 feet of span. 


Connections. 

All connections shall be designed to develop the full stracieen of 
the pouueanite members and shall be of the character indicated on 
the engineer’s drawings or by the engineer in writing. 

Angles subject to tensile stress shall be connected by both leas 
otherwise only the section of the leg actually connected will be 
considered effective. | 

The neutral axes of connecting members shall meet in a points: 


Rivets and Rwet Spacing. 


D1IAMETER.—Rivets shall be either } inch, ? inch, or 3 inch in 
diameter, except when used in minor parts. 


PITCH. eae maximum pitch in the line of stress shall not exceed 4 
6 inches or 16 times the thickness of the thinnest outside plate. The — 


minimum pitch shall not be less than 3 inches for {-inch rivets, 24 
inches for #-inch rivets, and 2 inches for $-inch rivets. For plate 
girders the rivet spacing in the vertical legs of the flange angles shall 


be determined from the formula, p=, where ‘‘p”’ is the pitch in — 


inches, ‘‘r’’ the permissible stress in one rivet in pounds, ‘‘h” the 


distance between lines of rivets in inches, and ‘‘s” the maximum — 


shear in pounds at the section under consideration. In no ease, 
however, shall the pitch exceed 4 inches. 


EDGE DISTANCE.—The minimum distances from center of rivet 
holes to the nearest edge shall be not less than 14 inches, 14 inches, ; 


and 1 inch for g-inch rivets, j-inch rivets, and §-inch rivets, respec-_ 


tively. The maximum Sistas from any nb to the center of 


rivet holes shall not exceed 8 times the thickness of the thinnest 


outside plate or 6 inches. 
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Bt Riveis in Flanges. 

-_ Unless otherwise specified on the engineer’s drawings or by the 
= Besigineor in writing, 3-inch rivets shall be used for all flanges less 
than 24 inches wide, ?-inch rivets for flanges between 24 and 34 
inches, and $-inch teks for all flanges over 34 inches wide. 


Pitch at Ends. 

At the ends of built compression members the pitch of rivets in 
the line of stress shall not exceed 4 diameters for a distance equal to 
twice the maximum width of the member. 


Grip of Rowets. 

me - The grip of rivets shall, in general, be not ereater than 4 diameters. 
_ When it is necessary to Dake the grip greater than 4 diameters, the 
_ allowable unit shearing strength shall be decreased 1 per cent for 
each +; inch of additional grip. 


is Connections. 


All pins shall be sufficiently long to furnish full bearing upon the 
- turned body of the pin for all connecting parts. All pins shall be 
_ secured by chambered nuts and the screw ends shall be sufficiently 
_ long to admit of burring the threads after the nuts are set. 
—__No pin shall have a diameter less than three-fourths the width of 
the widest eyebar attached to it. 
‘The several members attaching to a pin shall be so placed as to 
produce as little bending movement as practicable upon the pin; and 
_ they shall be held in place by means of filling rings. 
All pin holes shall be so bored that when the pin is in place it 
shall be perpendicular to the axial plane of the truss, and each 
connecting member shall bear uniformly upon the pin. The diam- 
eter of the hole shall not be more than sz inch greater than that 
~ of the pin. 
Pin holes shall be sufficiently reinforced to distribute the stresses 
properly over the full cross section of the members. Where “pin 
_ plates” are used, they shall contain a sufficient number of rivets to 
_ transmit their proportion of the bearing pressure, and at least one 
_ plate on each side shall extend not less than 6 inches beyond the 
edge of the nearest batten plate. 
_ Riveted tension members having pin connections shall have a 
 eross sectional area through each pin hole 25 per cent in excess of 
_ the net sectional area of the members. The sectional area of the 
.-3 metal between the pin hole and the end of the member shall not 
be less than 75 per cent of the sectional area through the pin hole. 
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Batten Plates and Lattice Bars. 

The open sides of compression members shall be stayed by hattel 
plates at the ends and by diagonal lattice bars at intermediate 
points. Batten plates shall be used at intermediate pomts when, for 
any reason, the latticing is interrupted. 

Batten plates shall have a thickness of not less than 4 inch nor 
one forty-fifth the distance between the lines of rivets connecting 
them to the flanges. They shall have a width parallel to the axis of 
the member not less than the maximum width of the member. 

Lattice bars shall have a thickness not less than 33 inch nor less 
than one forty-fifth their unsupported length. They shall be 
inclined to the axis of the member at an angle not less than 60° for 
single latticing nor less than 45° for double latticing. Ue 
latticing shall be riveted at the intersection points. 

The width of lattice bars shall not be less than 2 inches nor lees 
than one-sixth the width of the member of which they form a part. 


pie 2 ee TM 


Abutting Ends. | 

Abutting ends in compression members shall be planed true to 
the angle of the joint and shall be sufficiently spliced on four sides 
to hold the connecting parts accurately in place. All joints in tension 
members shall be fully spliced. 

Where splice plates are separated from the parts which they 
connect by intervening plates or fillers, the number of rivets on 
each side of the joint shall be increased by 334 per cent of the num- 
ber theoretically required for each intervening plate. 


Eyebars. | 

The thickness of eyebars shall not be less than 8 inch nor Jess 
than one-seventh the width of the bar. Heads of eyebars shall 
be formed by upsetting and forging, and never by welding. The 
heads shall be so proportioned as to develop the full strength of 
the bar. 

Kyebars shall be perfectly straight at the time they are hoped 
and all bars which work together as one member shall be piled, 
clamped together, and bored in one operation. 

The eyebars composing a member shall be so arranged that their 
surfaces are not in contact. The inclination of individual eyebars 
to the axis of the member which they compose shall not be oe 
than 1 inch in 16 feet. a 


Rods. 


No rod shall be used which has a cross sectional area Jess than 
# square inch. 


A a ee Pai tapi ae: ae Sega ne ee =n " 
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All rods Taine screw ends shall be upset, previous to threading, 
so that the net sectional area at the root of the threads shall be 
_ greater by at least 17 per cent than the net sectional area of the rod. 


~~ Compression’ Members. 

; Compression members shall be so designed that any part or seg- 
ment of a member will be proportionately as strong as the member 
taken as a whole. 

—__No web shall have a thickness less than one-thirtieth the distance 
between the lines of rivets connecting it to the flanges, and no cover 
plate shall have a thickness less than one-fortieth the distance between 
rivet lines. 

—___ Flanges of built members which have no cover plates shall have a 
thickness not less than one-twelfth the width of the outstanding leg. 


Lateral System. 

2 All lateral and portal, bracing shall be made of shapes capable of 
resisting both compression and tension, and shall have riveted con- — 

nections to the chords. 

Laterals shall be as nearly in the plane of the axes of the chords as 

practicable. When eccentricity is unavoidable, however, provision 
shall be made for the maximum bending stresses which would be pro- 
duced in the connections with the member fully loaded. 
Portals for through bridges shall be as deep as the specified head 
room and depth of truss will permit. They shall consist of top and 
bottom struts and stiff intermediate bracing. All portals shall be 
provided with curved knee or corner braces. 

Intermediate top struts in through bridges shall have a depth not 
less than that of the top chord, and, if the engineer so requires, they 
shall be provided with curved knee or corner braces. 

End struts shall be provided at the ends of all bottom chords. 


Sway Bracing. 

~All deck bridges shall be provided at each panel point with sway 
bracing made of shapes capable of resisting both tension and com- 
pression. The sway bracing shall extend the full depth of the 
_ trusses, and at the end of the trusses ample provision shall be made 
_ for transferring all wind loads to the piers or abutments. 


and Railing. 

A substantial hand railing not less than 34 feet high and of appro- 
priate design shall be constructed on the outside of footwalks, or, when 
footwalks are omitted, at the outside of the roadway. 
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Expansion and Contraction. 4 

Provision shall be made for all bridge structures to change in | 
length owing to temperature changes at least 4 inch for each 10 feet q 
of span, and joints shall be provided at such points in the floor and — 
pavement as may be indicated on the drawings furnished or approved ~ 
by the engineer. : | 


Expansion Behar: 

For all beam and girder bridges expansion bearings shall be de- 
signed for motion to take place by sliding. For all truss bridges the _ 
expansion bearings shall preferably be provided with rollers or rock- — 
ers, though for spans less than 80 feet in length the engineer may, in ~ 
his discretion, permit the use of sliding bearings. All rollers or rock- — 
ers shall have a diameter of at least 3 inches. In all cases the bear- — 
ings shall be so designed that motion can take place in a longitudinal 
direction only, and shall be so placed at the time the bridge is erected 
that the shoe or bolster will occupy a central position on the bearing 
at the atmospheric temperature specified by the engineer in writing. 


Shoes or Bolsters. 


Shoes or bolsters shall be so fdspnon's as to distribute the load : 
over the entire bearing, and shall be securely stayed against lateral or — 
upward motion by anchor bolts. Fixed bearings shall be rigidly — 
anchored to the masonry. — 


Bedplates. | 

Bedplates shall be designed to distribute the load over an area — 
sufficiently great to keep the pressure upon the masonry within the ~ 
hereinbefore specified limits. All bed and bearing plates on masonry 
shall be set on sheet lead not less than 4 1 inch thick and the same size — 
as the plate. 7 


WORKMANSHIP. 

General. , 
All parts entering into the structure shall be constructed in accord- — 
ance with approved drawings. The workmanship and finish shall 
equal the best practice in modern highway-bridge construction. 
Due regard shall be given the appearance of the finished structure, 
and any part of the structure which, in the opinion of the engineer, 
does not present a neat and sightly appearance shall be repaired or © 
replaced as he may direct. The edges of sheared steel plates in main — 
members shall be carefully faced or planed to remove defects caused 
by shearing. 
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i Forging and Annealing. 

_ All forging must be done while the steel is at red heat, and all forged 
De svts must be annealed by heating the steel to a Aifoin dark-red 
heat and permitting it to cool slowly. No welds will be allowed. 
Rivet Holes and Rivets. 

= In pcg rivet holes the diameter of the punch used shall not 
- be more than 7; inch greater than the diameter of the rivet. Material 


q more than ? inch thick shall be subpunched and reamed or a 


from the solid. 
‘ Rivet holes shall be so punched as to match accurately bi the 
parts are assembled. Poor matching of rivet holes will constitute 
a cause for rejection. 
Rivets shall be driven by mechanical power wherever practicable. 


i a All rivets must have neatly capped full heads and grip the assembled 
_ parts firmly. Tightening loose rivets by recupping and calking will 





‘not be allowed. All loose, burned, or otherwise defective rivets shall 
be removed and replaced. 

Riveted members shall have their contact surfaces painted, and 
shall be pinned up and firmly drawn together with bolts before 
riveting is commenced. 


Pins and Rollers. 





Ping and rollers shall be accurately turned to gauge and entirely 
free from flaws of any character. 


MATERIALS. 


STEEL. 
Process of Manufacture. 


The steel shall be made by the open-hearth process. 


Chemical Composition. 
The steel shall be uniform in character and shall conform to the 


following requirements as to chemical composition: 





Structural Rivat steel, mepreyns 


Elements considered. ciel: 





Phosphorus, maximum per cent: : 
Oe nen CEN tod ae aD Pe ee eee ae ee 0. 06 0. 04 0. 08 


Batic ou ike Ch re Sa OE ee ee en aera . 04 . 04 - 05 
Sree nur, Maximum per Cent......-.--.------- eee ene ee ee eee eee 05 04 05 
Ladle Analyses. 


An analysis shall be made by the manufacturer from a ladle test 
ingot taken during the pouring of each melt, to determine the per- 
centages of carbon, manganese, phosphorus, and sulphur, and a 
record of this analysis shall be furnished the engineer free of cost. 
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Check Analyses. 

If required by the engineer, a check analysis shall be made from 
finished material representing each melt. The percentages of phos- 
phorus and sulphur shown by the check analysis may exceed the 
percentages specified above by 25 per cent. 


Physical Properties and Tests. 

The tensile strength, elastic limit, and ductility shall be deter- 
mined by testing samples cut from the finished material after rolling. 
The samples shall be not less than 12 inches long and shall have a 
uniform sectional area of not less than 4 square inch. 


Structural Steel. 


Structural steel shall have an ultimate strength of not less than 
60,000 pounds, and not more than 70,000 pounds per square inch, an 
elastic limit of not less than one-half the ultimate strength, and a 
minimum elongation of 20 per cent in 8 inches. For eyebar material 
not over 20 per cent shall show a tensile strength of less than 62,000 
pounds or more than 68,000 pounds per square inch. Steel for pins 
may have a minimum elongation of 15 percent. All structural steel 
shall withstand bending cold without cracking through 180° around 
a pin the diameter of which is one and one-half times the thickness of 
the specimen. Full size material for eyebars shall withstand bending 
cold without cracking through 180° around a pin the diameter of 
which is equal to the thickness of the material. 

Pins over 7 inches in diameter shall be forged. Blooms for pms 
shall have at least three times the sectional area of the finished pin. 


Ret Steel. 


Rivet. steel shall have an ultimate strength of not less than 48,000 
pounds and not more than 58,000 pounds per square inch, an elastic 
limit of not less than one-half the ultimate strength, and an elonga- 
tion of not less than 26 per cent in 8 inches. 

Rivet rods shall withstand bending cold without cracking through 
180° so that the parts on each side of the bend come into actual con- 
tact throughout their length. When nicked and bent around a bar of 
their own diameter, they shall break gradually and give a see 
uniform, silky rere 


Steel Castings. 


Steel castings shall be used for drawbridge wheels, track segments, 
and gearing. They shall be true to form and dimensions, uniform 
in character, free from injurious blowholes or other defects, and 
finished in workmanlike manner. 
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When specimens having a uniform sectional area of at least 4 
_ square inch for at least 2 inches of their length are tested, they shall 
show an ultimate strength of not less than 67,000 pounds per square 
inch, an elastic limit of one-half the ultimate strength, and an elon- 
gation of not less than 10 per cent in 2 inches. 


TIMBER. 


3 All timber used for purposes other than constructing temporary 
forms and false work shall be of the kind specified in writing by the 
engineer and of the first quality of the kind specified. It shall be 
free from all defects which would impair its strength or durability. 


OTHER MATERIALS. 


All other materials shall be of the kind and quality specified on 
the drawings or in writing by the engineer, or, in case of concrete 
masonry, as hereinafter specified. 


| PAINTING. 

Shop Painting. 

Before leaving the shop all steelwork shall be thoroughly cleaned 
_ and given one complete coat of such paint as is specified in writing 
by the engineer. Machine-finished surfaces shall be coated with 
white lead and tallow before being shipped or placed in the open air. 


Inaceessible Surfaces. 


All surfaces which are not accessible for painting after erection 
or after being riveted together shall be given before erection or before 
being riveted two coats of pure red lead and boiled linseed oil mixed 
in the proportion of 18 pounds of lead to 1 gallon of oil. ; 


Painting After Erection. 

After erection all metal work shall be thoroughly cleaned of mud, 
grease, or other objectionable material and evenly painted with 
_ two coats of paint of the kind and colors specified by the engineer. 
Linseed oil shall be used as the vehicle in mixing the paint for each 
of these coats and the separate coats shall be of distinctly different 
shades of color. 

All recesses which might retain water shall be filled with thick 
paint or some waterproof material before the final painting, and the 
first coat shall be allowed to become thoroughly dry before the second 
coat is applied. 

- No painting shall be done in wet or freezing weather. 
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CONCRETE MASONRY. 
Plans and Drawings. | 
All concrete masonry shall be built to conform with the lines and 
dimensions shown on the plans and drawings furnished or approved 
by the engineer in charge and which are hereby made a part of these — 
specifications. In cases of discrepancies between figured dimensions 
and scale the figured dimensions are to govern. 


Concrete. 

The concrete shall be of the character and mixed in the propor- ~ 
tions indicated on the plans or as may be indicated in writing by the 
engineer in charge, or as hereinafter specified. All concrete shall be 
prepared and placed in strict accordance with the following specifi- | 
cations and plans and the instructions of the engineer under them. 


Cement. 


The cement shall be of some standard brand of Portland cement 
satisfactory to the engineer in charge. No cement shall be used 
which, when tested, fails to conform to the United States Govern- 
ment specifications for Portland cement as contained in Circular 33 
of the Bureau of Standards. Cement shall be delivered in sacks of 
94 pounds net weight, and each sack shall be considered as having a 

volume of 1 cubic foot. Cement which contains lumps or has been 
damaged in any way by exposure to the weather or by other: cause 
shall be rejected. 


Sand. 


The sand shall consist of dry, clean, quartz grains and shall not 
contain more than 5 per cent of clay, loam, or other foreign materials. 
The grains shall be well graded and of such size that all will pass a 
4-inch mesh screen and not more than 20 per cent will pass a No. 50 
sieve. 


Coarse Aggregate. 


The coarse aggregate may consist of either broken stone or gravel. 
Stone shall be sound, hard; and tough, broken to the sizes hereinafter 
specified, and when used shall be wie from foreign material. No 
weathered or disintegrated material shall be used. Gravel shall be 
composed of hard, sound, durable particles of stone, thoroughly clean 
and well graded in size between the limits specified below. — 


Classes A, B, and C. 


Unless otherwise especially provided, there shall be three classes 
of concrete, known as class A, class B, and class C. 

Class A concrete shall consist (by volume) of 1 part of cement, 2 
parts of sand, 4 parts of coarse aggregate, and water. All of the 
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coarse aggregate shall be retained on a }-inch mesh screen and shall 
pass a l-inch mesh screen. Not more than 75 per cent shall be 
retained on a 4-inch mesh screen, and not more than 75 per cent shall 
pass such a screen. 

Class B concrete shall consist (by volume) of 1 part of cement, 24 
parts of sand, 5 parts of coarse aggregate, and water. All of the 
coarse aggregate shall be retained on a 4-inch mesh screen and shall 
pass a 14-inch mesh screen. Not more than 75 per cent shall be 
retained on a #-inch mesh screen, and not more than 75 per cent 
shall pass such a screen. 

Class C concrete shall consist (by volume) of 1 part of cement, 3 
parts of sand, 6 parts of coarse aggregate, and water. All of the 
coarse aggregate shall be retained on a 4-inch mesh screen and shall 
pass a 24-inch mesh screen. Not more than 75 per cent shall be 

-retained on a 14-inch mesh screen, and not more than 75 per cent 
shall pass such a screen. 


Mixing. 

The cement and sand shall first be thoroughly mixed dry, in the 
proportions specified, on a proper mixing platform. Sufficient clean 
water shall then be admixed to produce a pasty mortar. To the 
mortar thus prepared shall be added the proper proportion of coarse 
_ aggregate, previously drenched with water, and the whole shall be 
mixed until every particle of the coarse aggregate is thoroughly 
coated with the mortar. Instead of the above method a mechanical 
mixer satisfactory to the engineer may be employed. 


Soze of Batch. 


Concrete shall be mixed in batches of such size that the entire 
batch may be placed in the forms by the force employed within 45 
“minutes from the time that the first water is applied. No concrete 
is to be prepared from mortar which has taken an initial set and 
would require retempering. 


Placing. 

All concrete shall be carefully deposited in place and never allowed 
to fall from a height greater than 5 feet. Concrete shall never be 
deposited in running water, nor in still water, except under the 
direction of an engineer skilled and experienced in that special work. 

As fast as concrete is put into place it shall be thoroughly tamped 
in layers not more than 6 inches thick, and the portion next to the 
forms shall be troweled by using a spade, or by other means, to 
bring the mortar into thorough contact with the forms. 

Concrete shall not be deposited when the temperature of any of 
the materials composing it is below 35° F.; and if during the progress 
of the work freezing temperature threatens or is predicted by the 
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United States Weather Bureau, proper precautions shall be taken to 


protect from freezing all concrete laid within the four preceding days. 


Forms. 

Forms shall be so constructed as to continue rigidly in place dur- 
ing and after depositing and tamping the concrete. If during the 
placing of the concrete the forms show signs of bulging or sagging at 
any point, that portion of the concrete causing the distortion shall 
be immediately removed and the forms properly supported before 
continuing the work. The amount of concrete to be removed shall 
be determined by the engineer, and the contractor shall receive no 
extra compensation on account of the extra work thus occasioned. 
Forms for exposed surfaces shall be constructed of dressed lumber. 

All forms shall be left in place not less than 36 hours and all sup- 
porting forms not less than 10 days after the concrete has been de- 
posited. These periods may be increased at the discretion of the 
engineer in charge. 

It is understood that all prices for concrete masonry shall include 
furnishing all materials and properly constructing all necessary 
forms. 


Jownts. 
When the work of laying concrete is to be interrupted for a period 


greater than one hour and there are no reinforcing rods projecting, — 


provision for a joint shall be made in the following manner: Square 
timbers 8 by 8 inches, or some other suitable size approved by the 
engineer, shall be bedded in the concrete throughout the length of the 
course for one-half their thickness and allowed to remain until the 
concrete has taken its initial set. When the work of laying concrete 


is resumed, the timbers shall be removed and the surface thoroughly 


wet. No joints will be permitted in reinforced-concrete beams, and 
in floor slabs the joints shall be vertical and parallel to the main 
reinforcing bars. 


Funsh. 

Forms covering surfaces of the concrete masonry which are to be 
exposed shall be removed immediately after the expiration of the 
period of time necessary for such forms to remain in place, as fixed 
by the engineer, and all crevices which may appear shall be filled 
with 1:2 cement mortar. These surfaces shall then be finished 
with 1:2 cement mortar and a wooden float, so as to present a 
smooth, neat appearance. 


Reinforced Concrete. 


All reinforced arches, beams, floors, parapets, guard rails, and all — 


concrete masonry measuring less than 9 inches in thickness shall be 
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made of class A concrete, unless otherwise specified on the drawings 
or directed by the engineer in writing. 
Abutments and Wing Walls. 


Unless otherwise specified on the drawings or in writing by the 
engineer, class B concrete shall be used for all abutments and wing 


walls the thickness of which is not less than 9 inches. 


Footings and Cut-off Walls. 


Class C concrete shall be used for all footings and cut-off walls, 
unless otherwise specified on the plans or directed in writing by the 
engineer. 


Steel for Reinforced Concrete. 


Unless otherwise specified on the drawings, all reinforcing steel 
shall consist of bars which have been deformed in some approved 
manner. No plain bars will be permitted except as shown on the 
drawings or directed in writing by the engineer. 

The steel bars shall have the net sectional area and shall be placed 
in the exact positions indicated on the drawings. 

Unless otherwise specified on the drawings or in writing by the 
engineer, all reinforcing bars shall be of medium steel having an 
elastic limit of not less than 35,000 pounds per square inch, and shall 
be sufficiently malleable to withstand bending cold with a radius 
equal to twice the diameter or thickness of the bar through 180° 
without fracture. 

When placed in the concrete, the reinforcing steel shall be free 
from grease, dirt, and rust, and it shall be the duty of the contractor 
to provide means for properly cleaning the steel. 

Thorough contact of the concrete with every portion of the surface 
of the steel shall be obtained. 


Splicing Reinforcing Bars. 
Unless otherwise specified on the drawings or in writing by the 
engineer, necessary splices in reinforcing bars shall be effected by 


overlapping the ends of the bars a distance equal to 40 times their 
thickness or diameter. 


INSPECTION AND TESTING. 


Orders for Materials. 


All materials used in connection with the work being done under 
these specifications shall be purchased especially for that work. The 
contractor shall furnish the engineer with complete copies of all 
orders for materials, and shall make all orders subject to the engineer’s 
approval of the materials. 
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Acceptance of Material or Work. 


The engineer or his representative shall stamp each accepted piece 
or parcel with a private mark, and any material not so stamped may ~ 


be rejected at any stage of the work. The engineer’s acceptance, 


however, does not relieve the contractor from responsibility for 
faulty material or workmanship and wherever such faulty material - 


or workmanship is discovered it shall be repaired or removed and 
replaced, as the engineer may direct, by the contractor at his own 
expense. 


Shop Inspection. 

The contractor shall furnish the engineer or his representative all 
facilities for testing materials and workmanship at the shop where 
the material is fabricated, and shall notify the engineer well in 
advance of beginning the shop work. 


Mill Inspection. 


The contractor shall furnish all facilities for testing the weight ein 
quality of all material at the mill where it is manufactured. He 
shall provide, free of cost, a suitable testing machine for making the 
tests and such test specimens as the engineer or his representative 
may require. 

ERECTION. 


Contractor's Responsibilities. 


Unless otherwise specified in writing by the contracting parties, 
the contractor shall furnish all labor, tools, machinery, and materials 
for erecting the bridge complete in place and ready for traffic, in 
accordance with these specifications and the plans furnished or 
approved by the engineer. 

The contractor shall do all necessary hauling, set all stone or 


anchor bolts, remove existing structures when necessary, and per- 


form all other incidental work for which express provision has not 
been made. 

The contractor shall so conduct all his operations as not to inter- 
fere with the work of other contractors or close any thoroughfare bed 
land or water except by written consent of the engineer. 

The contractor shall assume all risks of damage or accident to 
persons or property prior to the final acceptance of the finished 
structure. 

The contractor shall remove all false work, piling, and other 
obstructions produced by his operations, and shall perform any 
additional work necessary to produce a sightly appearance in the 
immediate vicinity of the structure. 


| 
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Final Test. 


Before final acceptance the engineer may, at his discretion, make 
a thorough test of the structure by passing over it the specified loads 
or their equivalents, or by resting the maximum load upon the struc- 
ture for 12 hours. 

If any part of the structure fails to return to its original position 
after the load is removed, the contractor shall make such alterations 
as are necessary to enable the structure to stand the test without 
permanent change of any of its parts. 


SUPPLEMENTARY. 


The following supplementary clauses shall also apply to the work 
included in the contract of which these specifications form a part: 
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